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1950  NATIONAL  ANNUAL  MEETING 


The  Technical  Sessions  of  the  1950  Annual 
Meeting  were  held  in  the  Assembly  Room  of 
the  Multnomah  Hotel  in  Portland,  Oregon  with 
the  exception  of  Sessions  111  and  IV,  which 
were  held  in  the  Junior  Ballroom.  The  Forest 
Products  Industry  Show  was  held  in  the  Port¬ 
land  Armory.  Session  I  was  opened  by  Presi¬ 
dent  Locke  at  9:00  A.  M.,  Monday,  June  26. 


General  Assembly  Luncheon 

President  Locke  extended  official  welcome  to 
the  registrants  and  their  wives  at  the  General 
Assembly  Luncheon  Monday,  in  the  Rose  Bowl 
of  the  Multnomah  Hotel,  ^vernor  McKay  of 
Oregon  and  Mayor  Lee  of  Portland,  who  were 
personally  unable  to  be  present,  also  sent  official 
greetings  through  their  emissaries.  Senator 
Walsh  and  Commissioner  Cooper.  President 
Locke  expressed  the  Society’s  appreciation  to 
General  Chairman  R.  D.  Pauley  and  the  mem¬ 
bers  of  the  1950  National  Annual  Meeting 
Committees  for  their  excellent  program  and 
arrangements. 

Robert  T.  Dwyer,  Vice  President  of  the 
Dwyer  Lumber  Company,  Portland,  gave  the 
keynote  luncheon  address,  "Use  of  Our  Timber 
Resources.”  In  describing  the  industry’s  sig¬ 
nificant  strides  toward  better  utilization,  he 
cautioned  also  of  our  wastes.  He  related  how, 
in  preparing  for  an  address  before  the  Indus¬ 
trial  College  of  the  Armed  Forces  on  logging 
and  lumber  problems  of  the  Douglas  Fir  region, 
he  wrote  50  letters  to  people  in  the  region. 


Registration 

Registration  was  opened  at  4:00  p.  m.,  Sun¬ 
day,  June  25,  in  the  Studio  Room,  to  all  inter¬ 
ested  persons,  whether  members  or  nonmem¬ 
bers.  A  registration  fee  of  $5.00  included  pre¬ 
prints  of  papers.  During  the  four  days  a  total 
of  515  persons  were  registered.  Admission  to 
the  Forest  Products  Industry  Show  was  by  invi¬ 
tation,  and  846  persons  registered  at  the  Armory 
between  Monday  morning  and  Wednesday  eve¬ 
ning.  'The  meeting,  while  largely  attended  by 
West  Coast  people,  drew  representatives  from 
34  states,  Canada,  and  many  foreign  countries, 
including  New  Zealand,  Scotland,  England, 
Germany,  France,  Mexico  and  South  Africa. 
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The  answers  he  received  were  so  complete 
and  patriotic  that  he  presented  them  as  a  brief. 
One  of  their  outstanding  similarities  was  the 
thought  that  in  the  event  of  crisis  we  would 
need  access  roads  built  into  public  forests,  in 
(tdvance,  to  avoid  competition  for  men  and 
equipment. 

Construction  of  such  roads  now,  he  said, 
would  allow  practice  of  good  sustained  yield 
forestry,  remove  windfalls  and  decadent  stands 
.  .  .  and  protect  forests  from  their  greatest 
enemy — fire. 

With  proper  management  the  forest  lands  of 
the  country  will  supply  our  needs  for  all  time 
to  come.  And  the  Forest  Products  Research  So¬ 
ciety,  a  society  of  research  and  forest  products 
men,  is  on  the  road  toward  this  goal. 

Field  Trips 

Tours  of  inspection  through  some  of  the 
world’s  largest  wood  products  plants  around 
Portland  were  held  all  day  Thursday,  June  29. 
A  highlight  was  the  sixty-mile  round  trip  taken 
by  some  100  persons  to  Longview,  Washington, 
"The  Forest  Products  Capitol  of  the  World”, 
named  so  after  mills  made  famous  by  Weyer¬ 
haeuser,  Longview  Fibre  and  Long-Bell. 

President’s  Reception 

An  informal  reception  held  at  the  new  Cos¬ 
mopolitan  Club  on  Wednesday  evening  was 
attended  by  some  300  guests.  A  buffet  supper 
was  followed  by  entertainment  and  dancing. 

Mt.  Hood — Timberline  Lodge 

The  social  highpoint  of  the  meeting  was  the 
scenic  bus  journey  taken  up  Mt.  Hood  on  Tues¬ 
day  afternoon.  Many  rode  the  world-famous 
mile-long  chair  lift  to  a  point  1,000  feet 
further  up  the  slope  where  they  could  get 
a  better  view  of  the  spectacular  seven  major 
peaks  of  the  Cascade  range.  Supper,  amid  rustic 
and  massive  surroundings,  consisted  of  western 
chuck  style  barbecued  salmon  with  all  of  the 
trimmings. 

Ladies’  Program 

An  outstanding  program  for  women  and 
children  was  planned  by  Mmes.  Dunn,  Pauley, 
May,  Cornwall,  Sackett,  Proctor,  West  and 
others.  It  included,  in  addition  to  babysitter 


service,  a  combined  breakfast  and  style  show, 
luncheon  on  the  Pacific  Ocean,  and  cards  at  the 
Longview,  Washington  Country  Club. 

The  Wood  Award 

Presentation  of  the  Vf'ood  Award  was  made 
by  Richard  C.  Art,  Managing  Editor  of  Wood 
Magazine  prior  to  the  Annual  Business  Meet¬ 
ing  on  Tuesday  afternoon,  June  27.  The  $500 
award,  presented  annually  for  the  outstanding 
thesis  on  forest  products  research  submitted  by 
students  currently  enrolled  in  any  university  or 
college,  was  won  by  Stephan  B.  Preston  of  the 
Yale  School  of  Forestry  and  now  an  instructor 
at  the  University  of  Michigan.  His  thesis,  "The 
Effects  of  Fundamental  Glue  Line  Properties  on 
the  Strength  of  Thin  Veneer  Laminates’’,  is  re¬ 
produced  in  this  Proceedings  in  Technical  Ses¬ 
sion  V.  Second  and  third  award  certificates  were 
won  by  S.  K.  Swamy  of  Yale,  and  V.  H. 
Clausen,  Jr.  of  the  University  of  Minnesota. 

Advisory  Board  Meets 
Following  the  precedent  set  at  the  Grand 
Rapids  National  Meeting,  delegates  from  each 
Section  met  with  the  Executive  Board  at  dinner 
in  the  Blue  Room  of  the  Multnomah  Hotel, 
Wednesday  evening,  to  exchange  viewpoints  on 
problems  and  progress.  Thirty-three  men  met 
under  the  Chairmanship  of  C.  D.  Stone.  In  the 
end  the  Advisory  group  made  its  recommenda¬ 
tions  to  the  Board  concerning  procedures  on 
nomination  and  succession,  collection  of  Section 
dues,  publications  and  membership  activities. 

Executive  Board 

Both  old  and  new  Boards  met  at  three  ad¬ 
journed  sessions  to  transact  current  and  future 
business.  On  Sunday  and  Wednesday  evenings 
they  met  in  Portland;  and  on  Thursday  and  Fri¬ 
day  went  into  all-day  and  evening  sessions  at 
the  Hotel  Monticello,  Longview,  Washington, 
closing  after  lunch,  Friday,  June  30. 

Presentation  of  Papers 
In  the  presentation  of  technical  papers  each 
author  condensed  his  remarks  to  a  ten-minute 
summary.  This  was  followed  by  discussion  from 
the  floor,  which  was  recorded.  The  complete- 
papers,  as  published  first  in  preprint  form,  are 
now  reproduced  in  this  Proceedings  along  with 
the  discussion  and  the  author’s  answers. 
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TECHNICAL  SESSION  I 
Monday,  June  26,  1950,  9:00  A.  M. 

General  Subject:  Logs,  Sawmills  and  Lumbering 

Chairman:  H.  F.  Jefferson,  Supervising  Engineer,  Nettleton  Timber  Com¬ 
pany,  Seattle,  Washington 

Recorder:  R.  A.  Hertzler,  Chief,  Forest  Utilization  Service,  S.  E.  Forest 
Experiment  Station,  Asheville,  North  Carolina  (Board  Member, 
Southeast  Region,  FPRS) 


R  A.  Hertzler,  H.  F.  Jefferson, 
E.  G.  Locke  Presidin^t 


15 


FOREST  PRODUCTS  RESEARCH  SOCIETY 


Quality  of  Second-Growth  Douglas-Fir  and 
Suggested  Means  of  Improvement 

Benson  H.  Paul 

Chiej,  Division  of  Silvicultural  Relations,  Forest  Products  Laboratory,  Forest  Service, 
U.  S.  Department  of  Agriculture 


Research  at  the  U.  S.  Forest  Produas  Laboratory  has  demonstrated  that  age  and  size  are  the  main  causes 
of  difference  between  second-mowtb  and  old>growth  Douglas-fir.  Apmoximately  150  years  elapse  before 
Dou^as-&  trees  begin  to  produce  clear,  knot-free  lumber  of  high  quality  characteristic  of  old-growth  trees, 
some  of  which  are  500  to  600  years  old.  The  relationship  between  specific  gravity  and  strength  was  found  to 
be  tbe  same  for  both  old  and  second  growth;  as  a  result  of  the  greater  proportion  of  wide-ringed  wood  in 
second-growth  trees,  however,  more  or  it  is  of  lower  density  than  old  growth,  with  correspondingly  lower 
strength  properties. 


Introduction 

SECOND-GROWTH  Douglas-fir  as  defined 
by  the  Douglas-Fir  Second-Growth  Man¬ 
agement  Committee^  refers  to  forest  stands 
not  older  than  the  1 60-year  age  class.  The  term 
is  used  synonymously  with  young  growth  and 
immature  forests  (Fig.  1). 

The  fact  that  timber  is  now  being  cut  from 
stands  much  younger  than  the  upper  age  class 
used  in  the  definition  suggests  the  present  cut¬ 
ting  of  immature  timber.  Maturity  is  a  relative 
term,  however,  the  meaning  of  which  will 
change  from  time  to  time  with  prevailing  mar¬ 
ket  conditions. 

A  question  that  needs  a  well-considered  an¬ 
swer  is:  "What  are  the  main  differences  be¬ 
tween  second  growth  and  old  growth.^”  The 
most  obvious  diflFerences,  of  course,  are  size 
and  age.  Second  growth  (according  to  defini¬ 
tion)  may  be  as  much  as  500  years  younger 
than  old  growth.  Great  variability  exists  in 
size-age  relationships  in  both  young  and  old 
stands. 

Perhaps  comparisons  of  young  and  old  trees 
ought  to  be  made  first  from  an  historical  con¬ 
sideration  of  the  development  of  trees  and 
stands.  Presumably  the  present  old-growth 
stands  established  themselves  following  fire  or 
some  natural  or  accidental  phenomenon  that 
removed  earlier  vegetation  and  provided  favor¬ 
able  areas  for  seed  germination.  In  some  cases 
the  stands  may  have  originated  with  dense,  in 
other  cases  with  sparse,  stocking.  The  chances 

^  Forest  Service.  1947  Management  of  Second- 
Growth  Forests  of  the  Douglas-Fir  Region.  Report  of 
Pac.  N.  W.  For.  and  Range  Exp.  Sta. 


are  that  many  old-growth  stands  originated  un¬ 
der  conditions  not  greatly  different  than -those 
surrounding  the  beginning  of  the  present  young 
stands  that  have  followed  logging  or  fire,  or 
both. 


111 
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Fig.  1. — Douglas-fir  second  growth  about  100  years 
old.  Note  the  dead  branches  along  the  length  of  the 
trees. 
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In  the  historical  analysis  of  old-growth 
Douglas-fir  trees,  we  usually  find  each  of  them 
consisting  of  three  principal  growth  zones,  the 
central,  the  intermediate,  and  the  outer  zone. 
We  may  describe  each  of  these  zones  by  certain 
characteristics  related  to  wood  quality.  The  cen¬ 
tral  zone,  or  core,  contains  the  area  of  branch 
origin  and  the  intergrown  portions  of  knots 
formed  while  adjacent  lateral  branches  were  yet 
alive.  The  number  of  rings  may  range  from  2 
to  25  or  more  per  radial  inch.  Wood  of  the 
portion  with  the  widest  growth  rings  is  likely 
to  be  near  the  lower  limit  of  the  specific  gravity 
range  of  the  species.  This  zone  extends  as  a 
long  cylinder  from  the  stump  into  the  crown  of 
the  tree.  In  general,  it  may  last  from  20  to  30 
years  at  any  particular  cross  section,  sometimes 
much  longer  in  widely  spaced  trees. 

The  second  zone  is  characterized  by  knots 
from  dead  portions  of  branches.  The  dead 
branches  are  not  connected  by  growth  to  the 
wood  surrounding  them.  They  are  the  source 
of  loose  knots  or  knot  holes  in  lumber  and 
veneer.*  In  Douglas-fir,  this  dead  branch  zone 
occupies  a  rather  considerable  volume  of  the 
tree  (Fig.  2).  Douglas-fir  characteristically  re- 


Fig.  2. — Longitudinal  section  of  a  branch  knot  ex¬ 
tending  across  a  13-inch  radial  section  of  a  second- 
growth  Douglas-fir  tree  85  years  old.  This  branch  re¬ 
mained  alive  30  years,  to  point  indicated  by  arrow, 
and  has  persisted  55  years  since  it  died.  Its  sound 
condition  indicates  that  it  might  have  remained  on 
the  tree  many  more  years. 


*  Fleischer,  H.  C.  Suitability  of  Second-Growth 
Douglas-Fir  Logs  for  Veneer.  Jour,  of  For.,  Vol.  47, 
No.  7. 


tains  dead  lateral  branches  for  long  periods, 
frequently  for  much  more  than  100  years.  This 
dead  branch  zone  is  several  inches  in  radial 
thickness  outside  the  inner  zone  and  extends 
the  length  of  the  tree  from  the  stump  to  the 
base  of  the  green  crown.  Wood  of  this  zone 
may  be  below  average  in  specific  gravity  for  the 
species  unless  it  has  more  than  10  rings  to  the 
inch. 

After  occlusion  of  the  dead  branch  ends,  a 
third  zone  is  formed  which  comprises  the  sub¬ 
sequent  years  of  the  tree’s  life.  It  is  character¬ 
ized  by  freedom  from  knots;  its  outer  part  is 
lighter-colored  and  known  as  sapwood.  Whether 
heartwood  or  sapwood,  this  knot-free  zone  is 
the  most  valuable  portion  of  the  tree.  It  is  the 
part  from  which  high-grade  lumber  and  veneer 
are  obtained. 

Studies  of  second-growth  and  old-growth 
trees  indicate  that  the  first  two  zones  may  have 
similar  characteristics  with  respect  to  width  of 
growth  rings  and  persistence  of  dead  branches. 
Second  growth,  however,  does  not  contain  any 
considerable  proportion  of  wood  in  a  clear  zone 
and  will  not  reach  that  stage  of  development 
for  150  years  or  more.  This  conclusion  is  based 
on  an  analysis  of  more  than  1,000  knots  in  100- 
year  and  150-year  stands.®  Only  a  few  branch 
knots  were  found  to  be  overgrown,  with  the 
result  that  the  lumber  product  from  these  two 
stands  was  primarily  in  the  common  grades. 
Likewise,  high-quality  face  veneer  was  not  ob¬ 
tainable  from  these  second-growth  stands.  Prod¬ 
ucts  free  from  knots  appear  to  be  obtainable 
from  second-growth  Douglas-fir  only  when  lat¬ 
eral  branches  are  pruned  artificially  while  the 
trees  are  of  small  diameter.  Historically,  then, 
the  growth  differences  are  the  result  of  wood 
produced  in  old-growth  stands  that  have  passed 
the  usual  age  of  second-growth  trees. 

Width  of  Growth  Rings 

In  second-growth  stands,  about  three-fourths 
of  the  growth  rings  in  trees  less  than  100  years 
of  age  were  more  than  1/10  inch  wide.  In 
old-growth  trees,  about  three-fourths  of  the 
growth  rings  were  less  than  1/10  inch  wide. 
In  the  central  portion  of  the  100-year  stand 
growing  on  site  II,  the  wider  rings  were  about 

*  Paul,  Benson  H.  A  Study  of  Knots  in  Second- 
Growth  Douglas-Fir.  For.  Prod.  Lab.  Report  No. 
R1690. 
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inch  in  width.  Rings  ^  inch  in  width  oc¬ 
curred  near  the  center  of  old-growth  trees.  In 
the  second-growth  stand,  growth  rings  gradu¬ 
ally  became  narrower  until,  at  50  to  60  years, 
there  were  10  or  more  to  the  inch.  A  similar 
reduction  in  ring  width  from  2  to  more  than  10 
rings  per  inch  occurred  in  the  first  10  inches 
of  radius  of  the  old-growth  trees.  Subsequently, 
radial  growth  decreased  rather  sharply,  but  in 
second-growth  trees  there  was  much  less  narrow- 
ringed  wood  than  in  the  old-growth  trees.  It 
appears  to  be  the  considerable  proportion  of 
rather  slowly  grown  wood  of  uniform  texture 
in  old  growth  that  is  largely  lacking  in  second 
growth. 

Density  and  Summerwood  Percentage 

Generally,  second-growth  Douglas-fir  density 
(specific  gravity)  and  summerwood  increased 
as  the  rings  became  narrower  and  from  the 
center  of  the  trees  outward  up  to  80  years  or 
more.  Where  growth  in  the  last  radial  inch  de¬ 
clined  sharply  both  density  and  the  proportion 
of  summerwood  decreased  somewhat.  In  the 
100-year  stand,  wood  produced  up  to  about  60 


years  of  tree  age  was  below  the  average  for  old- 
growth  fir.  A  more  slowly  grown  150-year 
stand  attained  the  old-growth  average  earlier, 
but  because  of  lower  site  quality  the  trees  were 
smaller.  From  the  foregoing  it  is  evident  that 
second-growth  trees  less  than  100  years  of  age 
may  contain  only  relatively  thin  outer  layers  of 
wood  equaling  the  average  density  of  old 
growth,  unless  stand  conditions  during  their 
early  years  of  development  are  such  that  the 
radial  growth  of  trees  is  restricted  to  about  10 
rings  per  inch. 

Gimparisons  of  specific  gravity  and  summer- 
wood  percentage  indicated  that  wood  with  wide 
growth  rings  did  not  have  so  high  a  specific 
gravity  as  wood  with  narrow  growth  rings  when 
summerwood  percentages  as  determined  on  a 
radial  line  were  equal.  Thus,  it  appears  that  a 
specific  gravity  determination  is  a  better  crite¬ 
rion  of  strength  than  the  percentage  of  sum¬ 
merwood,  especially  in  wide-ringed  timbers, 
where  the  change  from  springwood  to  summer- 
wood  is  gradual  and  definite  boundaries  be¬ 
tween  springwood  and  summerwood  do  not  ex¬ 
ist.  Doubtless  it  was  the  low  density  of  wide- 
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Fig.  3. — Modulus  of  rupture  and  specific  gravity  relationship  in  second-growth  Douglas-fir 

from  sites  II  and  IV. 
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DOUGLAS- FIR  SPECIFIC  GRAVITY 
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Fig.  4. — Comparisons  of  specific  gravity  variations  for  shipments  of.  old-growth  and  second-growth 
Douglas-fir  from  a  number  of  locations  within  the  natural  range  of  the  species.  The  short  vertical  line  indi¬ 
cates  the  average,  the  solid  bar  the  range  of  the  middle  75  percent  of  the  values,  and  the  open  bars  indicate 
the  extremes  of  range  for  each  shipment. 


ringed  old  growth  that  suggested  the  rings-per- 
inch  and  summerwood  requirement  of  the  den¬ 
sity  rule  for  structural  timbers. 

Relation  of  Density  to  Strength 

The  bending  strength  of  the  clear  wood  of 
second-growth  Douglas-fir  (as  measured  by  the 
modulus  of  rupture)  was  found  to  be  closely 
related  to  its  specific  gravity,  or  density.  This 
is  illustrated  in  Fig.  3,  which  is  based  on  tests 
from  stands  growing  on  areas  of  site  quality  II 
and  quality  IV. ■*  Specific  gravity  values  ranged 
from  0.35  to  0.55  on  the  basis  of  oven-dry 
weight  and  green  volume.  Corresponding 
strength  values  for  modulus  of  rupture  for  the 
above  specific  gravity  range  varied  from  about 
5,000  to  10,000  pounds  per  square  inch.  It  is 

‘  Paul,  Benson  H.  Wood  Quality  in  Relation  to 
Site  Quality  of  Second-Growth  Douglas-Fir.  Jour,  of 
For.,  Vol.  48,  No.  3. 


interesting  to  note  here  that  the  results  ob¬ 
tained  in  these  tests  of  second  growth  were 
practically  identical  with  results  of  early  tests 
made  at  the  Forest  Products  Laboratory  on  old- 
growth  Douglas-fir.  It  must  not  be  forgotten, 
however,  that  on  a  strength  basis  the  main  dif¬ 
ference  between  old-growth  and  second-growth 
Douglas-fir  lies  in  the  greater  proportion  of 
low-density  wood  in  second-growth  than  in 
old-growth  Douglas-fir,  especially  in  the  faster¬ 
growing  trees.  In  this  connection  it  is  impor¬ 
tant  to  point  out  that  Coast-type  second  growth, 
if  harvested  at  100  years  or  less,  will  average 
considerably  below  old  growth  of  the  region 
in  specific  gravity  and  strength.  In  these  re¬ 
spects  it  will  have  little,  if  any,  advantage  over 
Douglas-fir  of  the  Inland  Empire  type.  Also, 
because  of  the  persistence  of  dead  branches, 
second-growth  Coast-type  Douglas-fir  will  lack 
the  advantage  on  a  grade  basis  that  has  favored 
the  old-growth  stands. 
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Fig.  4  shows  the  overlapping  specific  gravity 
values  of  Douglas-fir,  Ixith  old  growth  and  sec¬ 
ond  growth,  from  a  number  of  locations  in  the 
natural  range  of  the  species.  This  chart  is 
worthy  of  special  study  in  consideration  of  the 
general  changes  in  timber  quality  already  men¬ 
tioned  that  may  come  about  in  the  Coast  region 
as  a  result  of  the  logging  of  young  stands. 

Sapwood  and  Heartwood 

In  second-growth  Douglas-fir,  sapwood 
ranged  from  1  to  3  inches  in  radial  thickness, 
being  thickest  in  the  trees  that  were  largest  in 
diameter  at  a  given  age.  When  computed  on  a 
cross-sectional  area  basis,  sapwood  constituted 
about  35  percent  of  the  cross  section  regardless 
of  the  diameter  of  the  trees.  The  proportion  of 
sapwood  is  important  in  green  Douglas-fir  logs 
and  lumber  because  of  the  great  difference  in 
moisture  content  of  heartwood  and  sapwood. 
Moisture  in  heartwood  averaged  only  about  35 
percent  of  the  moisture-free  weight  of  the 
wood,  whereas  in  sapwood  it  ranged  from  120 
to  150  percent,  three  to  four  times  as  much  as 
in  the  heartwood.  This  greater  amount  of  mois¬ 
ture  in  the  green  timber  influences  ease  of  han¬ 
dling  and  load  limits  of  logs,  as  well  as  freight 
costs  of  lumber  shipped  green. 

Conclusions 

If  old-growth  quality  is  to  be  obtained  in 
future  second-growth  stands,  intensive  forestry 
measures  must  be  taken  while  the  timber  is 
growing,  beginning  when  the  trees  are  yoimg. 
It  will  be  advantageous  to  start  with  closely 


stocked  stands,  so  that  growth  can  be  regulated 
and  a  desirable  growth  rate  maintained  by  thin¬ 
nings. 

The  trees  must  be  pruned  to  remove  lateral 
branches  that  persist  and  form  loose  knots  in 
lumber  and  veneer.  Pruning  will  be  accom¬ 
plished  more  quickly  and  the  pruning  wounds 
healed  more  satisfactorily  if  the  pruning  is  done 
when  lateral  branches  are  very  small. 

The  most  rapidly  grown  trees  at  the  start 
probably  are  not  the  ones  that  will  produce 
the  best  lumber,  because  their  growth  rings  are 
wider  and  their  branches  larger  than  those  of 
their  more  slowly  growing  neighbors.  For  high 
density  and  strength,  as  well  as  for  the  best 
quality  of  veneer,  growth  rings  need  to  be  rela¬ 
tively  narrow.  Forest  management,  therefore, 
should  aim  not  for  the  largest  trees  in  the  short¬ 
est  time,  but  rather  for  a  maximum  production, 
per  acre,  of  high-quality  products  over  a  rea¬ 
sonable  rotation. 

Nature  is  never  in  a  hurry  to  accomplish  her 
goal.  The  hundreds  of  years  required  in  the 
production  of  clear  old-growth  Douglas-fir 
were  no  obstacle  to  nature.  If  we  are  to  im¬ 
prove  on  natural  methods,  we  must  carefully 
consider  the  sequence  of  events  that  transpired 
in  the  old-growth  forests  and  then  devise 
means  of  obtaining  similar  results  in  a  shorter 
time.  If  we  neglect  the  practice  of  the  best  for¬ 
estry  methods  and  leave  the  job  unaided  for 
natural  forces  to  accomplish,  we  must  not  be 
surprised  if  again  hundreds  of  years  are  re¬ 
quired  to  produce  lumber  of  high  quality  in 
subsequent  forest  crops. 


Discussion 

Mr.  T.  E.  Kelley  (Washington  State  Col¬ 
lege)  :  Are  there  not  some  disadvantages  to 
thinning  practices? 

Mr.  E.  E.  Matson  (Pacific  Northwest  Forest 
Experiment  Station) :  No,  I  think  everything  is 
on  the  advantage  side.  If  thinnings  are  made 
properly,  the  yield  of  timber  through  the  rota¬ 
tion  period  is  greatly  increased,  and  the  final 
crop  will  be  of  higher  quality  material  than  in 
an  unmanaged  forest.  Natural  mortality  in  our 
second-growth  stands  amounts  to  about  1  cord 
per  acre  per  year.  Thinnings  can  be  made  which 
remove  the  poorer  vigor  and  quality  trees  in 


the  stand  which  will  pretty  nearly  salvage  the 
mortality,  and  leaving  the  better  quality  trees 
to  grow  will  insure  good  quality  timber  for  the 
final  crop. 

Mr.  Kelley:  Don’t  you  bring  down  density 
of  wood  by  thinning?  If  a  hypothetical  stand 
of  second  growth  Douglas  fir  is  thinned  at  30, 
40  and  50  years  and  is  finally  harvested  at  60 
years  the  final  thinned  stand  will  have  approxi¬ 
mately  the  same  scale  as  the  original  stand 
would  have  had  if  there  had  been  no  thinning. 
This  indicates  that  the  thinned  stand  at  60 
years  will  have  fewer  boles  of  greater  unit  in¬ 
crement  hence  these  boles  will  have  a  lower 
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unit  density.  Moreover  this  lowering  of  density 
will  be  brought  about  by  higher  annual  incre¬ 
ments  at  points  on  the  boles  of  trees  effected 
by  light  which  has  come  through  breaks  in  the 
canopy  due  to  thinning.  This  results  in  incon¬ 
sistencies  in  wood  density  in  the  finished  lum¬ 
ber  and  in  warping.  The  conclusion  drawn  is 
that  the  gain  in  volume  of  timber  equals  the 
scale  of  the  thinnings  and  the  thinned  stand  at 
sixty  years  of  age  may  be  of  greater  value  as 
pulp  than  it  is  as  lumber  due  to  the  variations 
in  density  resulting  from  thinning  practices. 

It  is  suggested  that  this  may  be  overcome  in 
part  at  least  by  thinning  the  subdominant  trees 
and  to  preserve  in  every  way  possible  the  con¬ 
tinuity  of  the  canopy  to  maintain  even  incre¬ 
ment  in  so  far  as  is  possible. 

Mr.  Matson:  The  effect  of  thinning  on  den¬ 
sity  depends  on  how  you  do  it.  If  the  stand  is 
opened  up  too  much,  you  will  get  wide  ringed, 
coarse  grained  material  which  will  have  a  lower 
density  than  trees  grown  well  spaced  with  a 
closed  canopy.  If  light,  frequent  thinnings  are 
made  which  leave  only  small  openings  in  the 
canopy,  a  uniform  ring  growth  will  be  obtained 
that  will  have  approximately  the  same  density 
as  adjoining  unthinned  timber. 

Mr.  B.  H.  Paul  (Forest  Products  Laboratory, 
Madison,  Wisconsin) :  Thinnings  can  be  made 
to  promote  denser  wood  by  removing  larger 
rougher  trees  that  have  wide-ringed  low  den¬ 
sity  material  in  the  center  and  leaving  trees  that 
have  grown  more  slowly  from  the  start  with 
sufficient  room  to  maintain  growth  at  about  10 
rings  per  inch. 

Mr.  H.  F..  Jefferson  (Nettleton  Timber  Com¬ 
pany)  :  In  the  Douglas  fir  region  on  the  Pacific 
coast,  during  the  war  years  of  1941—45,  a  good 
deal  of  inferior  lumber  found  its  way  to  the 
market  by  reason  of  poor  cutting  practices  of 
second  growth  stands.  Numerous  small  Douglas 
fir  stands  were  cut  from  trees  that  possessed 
considerable  internal  strain  or  compression 
wood,  and  the  lumber  coming  from  these  trees 
showed  an  abnormal  amount  of  spiral  grain, 
.ind  as  it  became  dry,  excessive  twists,  cupping 
and  bow  came  into  existence.  Excessive  twists 
evidenced  themselves  particularly  when  this 
lumber  in  2  by  4  dimension  was  used  in  house 
framing.  The  problem  is  what  can  be  done  to 
recognize  the  existence  of  these  fault  producing 


characteristics  in  the  tree.  What  factors  pro¬ 
duce  twist,  spiral  grain,  and  strain?  Can  we 
recognize  these  properties? 

Mr.  Matson:  Lumber  cut  from  trees  with 
spiral  grain,  compression  wood,  or  marked  dif¬ 
ferences  in  growth  rate  will  have  much  more 
of  a  tendency  to  warp  than  lumber  cut  from 
trees  with  straight  grained,  uniform  growth 
rates.  I  don’t  think  anyone  knows  what  causes 
spiral  grain,  and  it  is  very  difficult  to  detect  in 
growing  Douglas-fir  trees.  Compression  wood 
is  formed  on  the  lower  side  of  leaning  conif¬ 
erous  trees.  It  also  can  be  detected  on  the  end 
section  of  the  logs. 

Uneven  growth  rates  are  usually  caused  by  a 
sudden  release  of  the  tree.  It  can  easily  be  de¬ 
tected  by  examining  the  annual  rings.  In  saw¬ 
ing  such  timber  an  attempt  should  be  made  not 
to  have  marked  differences  of  growth  rate  in 
the  same  piece  of  lumber. 

Mr.  Jefferson:  I  think  the  problem  is  deeper. 
You  must  look  for  more  than  cross  grain.  Some 
quick,  practical  means  of  recognition  of  the 
existence  of  these  factors  in  a  forest  stand  is 
necessary. 

Mr.  E.  R.  Linn  (Oklahoma  A  &  M  College): 
Second  growth  with  two  rates  of  growth  causes 
warping.  How  does  one  recognize  it  in  the 
tree? 

Mr.  B.  H.  Paul:  The  cause  of  spiral  grain  is 
unknown.  Some  think  it  is  hereditary.  In  pon- 
derosa  pine  some  trees  were  found  to  spiral 
less  after  they  had  accelerated  in  growth.  Dif¬ 
ferences  in  slope  of  spiral  grain  in  the  same 
piece  also  causes  warping.  Unequal  shrinkage 
in  the  longitudinal  direction  in  different  parts 
of  the  same  piece  causes  much  warping.  Exces¬ 
sive  endwise  shrinkage  is  associated  with  excep¬ 
tionally  fast  growth  in  the  early  life  of  some 
trees.  Wood  having  wide  rings  on  one  edge  of 
a  piece  and  that  having  narrow  rings  on  the 
other  edge  may  shrink  or  swell  in  different 
amounts  and  thus  cause  warping.  Another 
source  of  warping  is  compression  wood  that 
forms  on  the  under  side  of  leaning  trees. 

Mr.  R.  N.  Hammond  (Weyerhaeuser  Tim¬ 
ber  Company) :  How  about  tons  per  acre  per 
year?  What  is  the  relationship  of  tons  of  dr)' 
wood  per  acre  per  year  produced  with  the  silvi¬ 
cultural  treatment  to  give  high  density  wood 
as  compared  with  the  production  of  low  den¬ 
sity  wood? 
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Mr.  Matson:  Provided  there  are  enough  trees 
to  utilize  the  growing  space,  the  volume  of 
wood  grown  per  acre  does  not  vary  with  the 
number  of  trees.  However,  there  will  be  a 
marked  difference  in  the  growth  rate  of  indi¬ 
vidual  trees  depending  on  stocking.  In  other 
words,  it  is  possible  to  get  the  same  growth  per 
acre  on  fewer  faster  growing  trees  than  with 
more  but  slower  growing  trees  per  acre. 

Mr.  Hammond:  In  other  words,  you  mean 
that  although  a  more  open  stand  would  give 
lower  density  wood  than  a  more  closely  grown 
stand  the  net  amount  of  oven  dry  wood  mate¬ 
rial  in  either  case  would  be  the  same.  The  pri¬ 
mary  interest  of  the  pulp  producer  as  regards 
forest  production  and  yield  is  not  board  feet  or 
cubic  feet  per  acre  per  year  but  tons  of  dry 
wood  per  acre  per  year.  From  this  discussion  it 
appears  that  the  same  tonnage  would  be  ob¬ 
tained  from  either  low  or  high  density  wood. 
The  pulp  makers  interest  would  then  lie  in 
which  type  of  wood  produces  the  most  desir¬ 
able  pulp  properties. 

Mr.  Matson:  As  previously  mentioned,  wood 
from  fast-grown  Douglas-fir  is  less  dense  than 
from  fast  grown  trees.  However,  if  the  stands 
are  properly  thinned  so  as  to  fully  utilize  the 
growing  space,  there  is  little  danger  of  mate¬ 
rially  lowering  the  density  of  the  wood  being 
produced. 

Dr.  Edgar  Moral h  (Food  and  Agriculture 
Organization):  We  have  had  some  experience 
in  Austria  regarding  rate  of  growth  versus 
warping.  Average  yield  per  ton  was  same  for 
fast  and  slow  growth. 

Mr.  A.  J.  Norton  (Consulting  Chemist, 
Seattle,-  Washington) :  What  about  replacing 
elements  in  the  soil — soil  depletion? 

Mr.  Matson:  Growth  of  trees  does  not  de¬ 
plete  the  soil  if  you  keep  fire  out. 

Mr.  H.  Smith  (L.  R.  Smith  Hardwood  Com¬ 
pany) :  Do  you  take  large  or  small  trees? 

Mr.  Matson:  In  our  thinning  we  have  found 
that  some  trees  of  all  sizes  should  be  removed 
if  you  use  vigor,  quality,  and  spacing  of  the 
individual  trees  as  a  marking  guide.  If  thin¬ 
nings  can  be  made  at  an  early  age — say  25  to 
‘>0  years  when  you  have  lots  of  healthy  trees 
per  acre — we  recommend  the  cut  be  concen¬ 
trated  in  the  rougher  dominant  trees  so  that  the 
better  quality  co-dominants  will  be  released. 


This  thinning  of  the  larger  dominant  trees  be¬ 
comes  more  difficult  as  the  stands  get  older  as 
there  are  not  enough  healthy  vigorous  under¬ 
story  trees  to  fully  utilize  the  growing  space. 
This  means  that  in  the  older  age  classes  more 
of  the  trees  removed  will  have  to  come  from 
the  intermediate  and  suppressed  crown  classes. 

The  four  following  simple  rules  form  a 
pretty  good  guide  for  thinning  second-growth 
timber: 

(1)  Remove  the  larger,  rough,  limby  trees 
that  will  release  healthy,  better-quality 
trees. 

(2)  Remove  merchantable-sized  trees  that 
are  likely  to  die  before  the  next  cut. 
These  should  include  trees  dying  from 
crowding,  rot,  or  other  causes,  and 
leaners  that  may  blow  over. 

(3)  Remove  badly  injured  and  defective 
trees.  This  includes  trees  with  conks, 
bad  fire  scars,  and  very  crooked  stems. 

(4)  Remove  some  of  the  trees  in  dense 
clumps  so  as  to  improve  growing  condi¬ 
tions  for  those  of  better  quality.  One 
caution  here:  Do  not  make  openings 
that  expose  a  tree  on  more  than  one 
side.  Too  severe  an  exposure  causes  a 
shock  that  may  prevent  maximum 
growth  for  several  years. 

Mr.  Paul:  The  same  number  of  tons  per  acre 
per  year  of  high  density  wood  of  medium  ring- 
width  would  require  more  trees  than  in  the  case 
of  wider-ringed  wood.  In  rapidly  grown  wide- 
ringed  trees  branches  contain  more  of  the  total 
wood.  Wood  removed  in  thinning  should  be 
included  in  the  total.  The  total  wood  produc¬ 
tion  of  an  area  depends  upon  the  active  crown 
capacity  rather  than  upon  the  number  of  trees. 
This  is  covered  in  Forest  Products  Laboratory 
Report  No.  R1689. 

Mr.  Don  Burnet  (Oregon  State  College) : 
What  about  pruning? 

Mr.  Matson:  We  believe  pruning  will  pay 
although  we  have  had  less  experience  with  it 
than  with  thinning.  Work  of  this  type  should 
at  least  start  on  the  better  growing  sites  where 
chances  for  financial  success  are  the  best. 
Pruned  stands  should  also  be  thinned  so  as  to 
concentrate  more  of  the  growth  on  the  pruned 
trees. 
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Mr.  Burnet:  How  about  the  length  of  cutting 
cycle  with  pnining? 

Mr.  Matson:  A  pruned  stand  will  probably 
be  carried  on  a  longer  cutting  cycle  than  a  sim¬ 
ilar  unpruned  stand.  The  pruned  trees  will  be 
producing  high-priced  clear  material,  and  such 
trees  can  be  carried  beyond  the  maximum 
growth  period  and  yet  produce  the  greatest 
value  per  acre. 

Mr.  Ralph  Kappler  (Kappler  Lumber  Com¬ 
pany)  :  Does  pruning  cause  rot? 

Mr.  Matson:  We  have  several  pruning  ex¬ 
periments  that  were  established  in  CCC  days 
that  are  now  12  to  14  years  old.  Last  fall  we 
assisted  our  Forest  Products  Laboratory  in  the 
collection  of  pruned  samples  which  they  are 
analyzing  to  determine  the  number  of  years  re¬ 
quired  to  heal  stub  wounds,  occurrence  of  rot, 
etc.  These  findings  on  rot  are  similar  to  those 
found  by  other  agencies,  that  is:  the  occurrence 
of  rot  caused  by  pruning  young  Douglas  fir  is 
negligible. 

Mr.  Jefferson:  In  the  Douglas  fir  region  of 
the  Pacific  coast,  the  rate  of  growth  of  new 
stands  now  coming  up,  after  the  logging  of 
the  old  growth  stands  twenty  or  thirty  years  ago 
is  ten  to  fifteen  times  the  rate  of  growth  of  the 
former  stands.  On  the  average,  the  old  growth 
areas  were  producing  lumber  at  the  rate  of  50 
board  feet  per  acre  per  year.  The  new  stands 
are  showing  an  average  production  of  500  to 
750  board  feet  per  acre  per  year.  This  high 


ratio  of  increased  production  is  a  far  more 
important  factor  than  is  generally  recognized 
when  considering  our  forest  resources.  It  can 
be  viewed  as  meaning  that  in  terms  of  our 
forests  of  a  few  years  ago,  we  now  potentially 
have  ten  to  fifteen  times  as  much  forest. 

Mr.  Paul:  Pruning  practices  should  remove 
lateral  branches  at  a  time  when  it  can  be  done 
at  least  expense,  preferably  when  the  trees  are 
small  and  the  branches  about  Yj  diame¬ 

ter.  To  get  the  most  return  in  clear  lumber, 
prune  early  and  thin  to  promote  the  desired 
growth  of  pruned  trees.  The  natural  long  time 
persistence  of  dead  branches  in  Douglas  fir 
stands  indicates  that  there  is  not  much  risk 
from  decay  as  a  result  of  pruning.  Studies  of 
this  phase  of  pruning  are  under  way  by  the 
Bureau  of  Plant  Industry,  Soils,  and  Agricul¬ 
tural  Engineering. 

Mr.  Norton:  What  is  being  done  in  the  way 
of  replacing  trace  elements  and  other  fertilizing 
materials  that  may  be  depleted? 

Mr.  Paul:  At  present  it  does  not  appear  to 
be  necessary  to  add  trace  elements  to  forest 
soils.  Decay  of  foliage  and  slash  will  return 
much  of  it  to  the  soil. 

Mr.  E.  D.  Morath:  Experiences  in  Europe 
show  that  serious  inconveniences  arrive  when 
parts  of  different  growth  rate  are  in  one  piece 
of  lumber  and  secondly,  that  average  growth  in 
tons  of  dry  substance  per  acre  remains  stable  if 
you  get  small-ringed  or  wide-ringed  trees. 
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Grading  Problems  That  Challenge  the 
Lumber  Industry 

R.  P.  A.  Johnson 

Chief,  Division  of  Timber  Mechanics,  Forest  Products  Laboratory,'^  U.  S.  Department  of  Agriculture 

Research  |>oints  to  grading  problems  chat  include  multiplied  of  grades,  the  use  of  nondestruaive  tests  to 
improve  selemon,  and  raect  of  region  of  growth  on  strength.  'Fne  final  application  of  research  to  the  solution 
of  these  problems  lies  with  industry. 


Introduction 

HERE  are  a  number  of  grading  problems 
of  vital  interest  to  the  lumber  industry  for 
which  no  solution,  at  least  no  satisfactory 
solution,  has  been  evolved.  This  paper  discusses 
a  group  of  such  problems.  The  problems  dis¬ 
cussed  involve  simplification  and  standardiza¬ 
tion  of  grades,  more  efficient  selection  or  segre¬ 
gation  for  strength,  the  establishment  of  uni¬ 
versal  design  grades  and  the  variations  in 
strength  of  the  same  species  from  different 
regions. 

There  is  some  question  as  to  the  value  of 
presenting  problems  for  which  we  have  no 
answer  or  at  least  no  satisfactory  practical 
answer.  The  principal  value  of  such  a  presenta¬ 
tion  is  to  stimulate  the  consideration  of  the 
problems  and  to  search  for  solutions.  Research 
can  aid  in  obtaining  solutions,  but  in  the  end  it 
is  industry  that  must  put  into  practical  applica¬ 
tion  any  solution  that  is  proposed  as  the  result 
of  a  research  study. 

Simplification  of  Grades 

The  multiplicity  and  complexity  of  grades 
and  grading  rules  has  created  serious  problems 
in  the  marketing  of  lumber.  The  industry  has 
recognized  that  fact  for  many  years.  Back  in 
1922  an  effort  was  made  to  solve  the  problem 
by  the  establishment  of  American  Lumber 
Standards.  American  Lumber  Standards  only 
partially  solved  the  problem.  They  standardized 
sizes  and  provided  a  broad  general  base  grade 
classification  for  softwoods  but  they  did  not 
[provide  standard  grades.  There  are  still  twenty 
or  more  sets  of  regional  grading  rules  each  of 
which  contains  a  number  of  grade  specifica- 

*  Maintained  at  Madison,  Wis.,  in  cooperation  with 
the  University  of  Wisconsin. 


tions  that  are  not  exactly  duplicated  in  any 
other  set  of  rules.  In  addition,  two  different 
basic  principles  are  used  in  grade  descriptions. 
They  are  description  by  example  and  by  speci¬ 
fication.  The  first  describes  the  grade  by  use  of 
typical  examples  of  the  type  of  boards  the 
grade  contains,  the  second  specifies  the  per¬ 
mitted  defects  and  specifically  limits  their  size. 
The  wide  difference  in  the  character  of  lumber 
in  grades  of  the  same  name  results  in  confu¬ 
sion,  is  annoying  to  buyers  and  users,  and  is  the 
source  of  controversies  as  to  the  comparability 
of  grades  of  different  species. 

A  number  of  attempts  have  been  made  to 
compile  a  chart  of  comparable  grades  of  yard 
lumber.  None  has  been  generally  acceptable. 
U.  S.  Dept,  of  Agriculture  Circular  296  "Stand¬ 
ard  Grading  Specifications  for  Yard  Lumber” 
published  in  1923  presented  a  basis  for  stand¬ 
ard  grades.  It  was  not  acceptable  because  the 
regional  lumber  groups  would  not  agree  to 
make  the  changes  in  their  grades  that  its  adop¬ 
tion  involved. 

That  is  an  excellent  example  of  a  principle 
I  wish  to  emphasize.  No  matter  how  much  re¬ 
search  work  is  done,  nor  how  promising  a  solu¬ 
tion  is  proposed,  the  final  solution  of  the  prob¬ 
lem  lies  with  industry.  Industry  must  take  the 
proposal  or  findings  and  adapt  them  to  com¬ 
mercial  practice.  That  may  involve  changes  in 
long  established  practices  that  require  time, 
training,  and  a  considerable  outlay  of  fund«. 

The  stress  grades  ate  better  standardized 
than  the  yard  grades.  U.  S.  Dept,  of  Agrnjl- 
ture  Circular  295  proposed  four  basic  grades. 
American  Lumber  Standards  adopted  two  of 
them  as  basic  grades  for  the  guidance  of  in¬ 
dustry  in  the  establishment  of  commercial  stress 
grades.  The  stress  grades  of  the  regional  lum- 
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ber  associations  conform  to  principles  used  in 
formulating  the  basic  grades.  As  a  result  it  is 
possible  to  make  numerical  comparisons  of  the 
stress  grades  of  different  lumber  associations. 
The  stress  grades  of  different  associations,  how¬ 
ever,  differ  both  in  description  and  in  assigned 
stress.  There  are  therefore  no  national  standard 
stress  grades. 

Simplifying  Strength  Grading 

The  stress  grades  have  become  so  complex 
and  involved  that  even  experts  have  difficulty 
in  interpreting  them.  As  originally  proposed  in 
U.  S.  Dept,  of  Agriculture  Circular  295  in 
1923  they  were  simple.  The  complexity  has  de¬ 
veloped  as  the  result  of  changes  made  to  in¬ 
crease  their  efficiency.  For  example,  in  order  to 
simplify  the  inspection  of  joist  and  plank 
grades  so  that  only  the  two  wide  faces  need  be 
inspected  the  method  of  measuring  knots  and 
calculating  grade  ratios  was  changed  from  the 
method  used  in  beams  and  stringers.  It  would 
be  easy  to  simplify  the  grades  by  going  back  to 
the  original  proposal  but  that  would  involve  a 
loss  of  efficiency.  The  problem  is  to  simplify 
without  loss  of  efficiency.  That  is  a  difficult  job. 
Primarily  it  is  an  industry  problem  for  it  means 
changing  the  grading  rules.  We  do  not  know 


how  far  you  are  willing  to  go  in  sacrificing 
efficiency  for  simplification. 

■  Improving  the  Efficiency  of  Grading 
for  Strength 

There  is  still  a  wide  range  in  the  strength  in 
timbers  of  a  single  stress  grade.  A  stress  grade 
therefore  contains  many  timbers  of  high 
strength  that  are  not  used  efficiently  because, 
although  their  strength  is  high,  the  working 
stress  permitted  must  of  necessity  be  safe  for 
the  weaker  timbers.  For  example,  tests  of  a 
single  grade  of  structural  timbers  from  one 
species  ranged  in  modulus  of  rupture  from 
2,896  to  13,920  pounds  per  sq..in.  (Fig.  1). 
About  50  percent  of  those  timbers  could  be 
assigned  a  working  stress  40  percent  higher 
than  is  now  assigned  them.  The  problem  is  to 
devise  a  practical  method  of  selecting  the  high 
strength  timbers  in  the  grade  that  will  insure 
that  no  timber  below  a  given  strength  will  be 
accepted.  To  attempt  to  do  that  by  further  re¬ 
finement  of  grading  rules  may  further  compli¬ 
cate  them  to  a  point  where  they  become  imprac¬ 
tical  of  application.  The  solution  may  be  in 
abandoning  the  present  specifications  and  sub¬ 
stituting  a  noninjurious  acceptance  test.  The 
only  trouble  with  that  solution  is  that  we  do 
not  have  such  a  test  at  present. 


Fig.  1. — Frequency  distribution  of  bending  strength  values  in  a  single  commercial  structural  grade 

(557  air-dry  joists  tested) 
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A  specific  gravity  test  on  each  timber  or  on 
a  specimen  from  each  timber  would  improve 
selection,  even  though  specific  gravity  has  its 
limitations  as  a  criterion  of  quality.  The  indus¬ 
try,  however,  has  considered  such  a  method  of 
selection  impractical.  A  hardness  test  would 
accomplish  about  the  same  improvement  in 
selection  as  specific  gravity.  The  stiffness  test, 
the  effectiveness  of  which  is  not  fully  estab¬ 
lished,  is  generally  considered  impracticable  of 
application  and  a  hardness  test  is  being  devel¬ 
oped  but  has  not  yet  been  perfected.  Any  of 
the  three  tests,  if  used,  would  only  improve  the 
selection  in  quality  of  clear  wood  and  would 
not  measure  the  effect  of  defects.  Sonic  and 
supersonic  methods  are  being  investigated  in 
hopes  they  may  furnish  a  means  of  predicting 
the  strength  of  a  timber  both  as  to  quality  of 
clear  wood  and  as  to  effect  of  defects.  When 
and  if  sonic  or  other  methods  are  devised  to 
measure  reliably  the  strength  of  a  timber,  the 
problem  of  using  the  method  will  then  fall 
into  the  lap  of  industry.  It  will  be  industry’s 
job  to  take  the  method  and  adapt  it  to  commer¬ 
cial  practice.  After  they  have  perfected  the 
method  they  must  be  willing  to  pay  the  added 
expense  its  use  will  involve.  It  is  evident,  there¬ 
fore,  that  any  improvement  in  the  selection  of 
timber  for  strength  that  will  permit  increased 
working  stresses  and  more  efficient  use  can  only 
be  obtained  by  cooperation  of  research  and 
industry  and  by  some  added  costs. 

Universal  Design  Grades 

Designers,  architects,  and  engineers  want 
what  they  call  universal  design  values.  By  that 
they  mean  they  want  a  series  of  stress  grades 
in  200-pound  steps  from  about  800  to  2,400 
pounds.  To  obtain  that  each  regional  lumber 
association  would  have  to  revise  its  stress  grades 
to  fit  such  a  series.  Such  a  scheme  would  enable 
a  designer  to  select  a  stress  and  there  would  be 
several  species  that  would  have  a  grade  carrying 
that  exact  stress.  Under  present  conditions  if  a 
structure  is  designed  for  timbers  carrying  2,000 
pounds  per  square  inch,  fiber  stress  in  bending, 
only  one  species  lists  a  grade  with  that  exact 
stress.  If  any  other  species  is  used  a  grade 
assigned  a  higher  stress  than  is  required  must 
be  used.  It  is  obvious  why  the  consumer  does 
not  like  that. 


The  solution  of  the  problem  of  universal 
design  grades  is  not  so  simple  as  many  con¬ 
sumers  believe.  Any  scheme  for  the  realinement 
of  the  stress  grades  presents  a  problem  that  in¬ 
volves  revision  of  grading  rules.  There  is,  how¬ 
ever,  sufficient  data  available  on  which  to  base 
the  establishment  of  universal  design  grades. 

Universal  design  stress  values  do  not  solve 
the  problem  of  multiplicity  of  stress  grades. 
Since  different  species  have  diflFerent  basic  stress 
values,  each  species  yielding  a  1,000  pound 
grade  would  have  a  different  set  of  rules,  with 
different  permitted  knot  and  other  defect  sizes. 
There  would  thus  be  as  many  diflFerent  stress 
grades  as  there  are  now  but  they  would  be 
much  better  interrelated. 

The  use  of  a  geometric  progression  ratio 
applied  to  basic  stresses  and  grade  ratios  has 
been  suggested  as  a  possible  solution  to  the 
problem  of  universal  design  and  standard  stress 
grades.  That  scheme  would  involve  the  estab¬ 
lishment  of  a  series  of  basic  stresses  such  that 
each  basic  stress  multiplied  by  a  fixed  ratio 
would  give  the  next  lower  basic  stress.  Simi¬ 
larly  a  series  of  grade  ratios  would  be  estab¬ 
lished  such  that  each  ratio  multiplied  by  the 
same  fixed  ratio  that  was  used  to  obtain  the 
basic  stresses  would  give  the  grade  ratio  of  the 
next  lower  grade.  Multiplying  the  basic  stresses 
by  the  grade  ratios  would  result  in  a  series  of 
working  stresses  that  would  be  fixed  so  long  as 
the  basic  stresses  and  grade  ratios  remained 
unchanged.  The  working  stresses  thus  obtained 
could  be  used  as  universal  design  stresses  and 
commercial  grades  could  be  drawn  around 
them.  To  illustrate,  if  %  were  selected  as  the 
fixed  ratio  to  be  used  in  obtaining  the  basic 
stress  and  basic  grade  ratios  the  following  tabu¬ 
lation  of  bending  stresses  shows  how  the 
scheme  would  work.  The  values  shown  in  the 
tabulation  are  not  a  recommendation  or  even  a 
suggestion.  The  only  purpose  is  to  show  numer¬ 
ically  how  the  scheme  could  be  applied. 

Column  1  Column  2  Column  3 

Basic  stress  X  Basic  grade-  =  Uniform 
clear  wood  ratio  working  stress 

2000  )  f  75  (1500 

1500  >  X  <  56  =  J  1125 

1125  1  f  )  840 

'  630 

Any  basic  stress  in  column  1  multiplied  by 
any  grade  ratio  in  column  2  will  equal  one  of 
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the  working  stresses  in  column  3.  Column  2 
thus  represents  a  set  of  possible  standard  stress 
grades  and  column  3  the  universal  design 
stresses.  Information  is  available  that  makes  it 
possible  to  draw  specifications  for  commercial 
grades  for  any  or  all  of  the  working  stresses 
shown.  Whether  it  is  practical  or  not  depends 
on  whether  industry  representatives  and  others 
concerned  can  agree  first  on  the  basic  stress 
and  basic  grade  ratio  to  be  used,  and  most  im¬ 
portant,  on  whether  the  lumber  industry  be¬ 
lieves  the  consumer  demand  for  universal  de¬ 
sign  stresses  and  standard  stress  grades  and  the 
benefits  that  would  result  from  their  establish¬ 
ment  are  sufficiently  important  to  justify  a  revo¬ 
lutionary  revision  of  all  stress  grade  descrip¬ 
tions. 

Variation  of  Strength  of  Species  From 
Different  Regions 

The  lumber  industry  and  users  have  from 
time  to  time  placed  considerable  emphasis  on 
the  effect  of  region  of  growth  on  the  strength 
of  the  wood  of  a  species.  Frequently  lumber 
from  one  region  has  brought  a  premium  over 
lumber  of  the  same  species  from  other  regions. 
So  far  as  strength  is  concerned,  with  a  few  ex¬ 
ceptions,  the  data  show  no  significant  differ¬ 
ence.  The  few  exceptions  however  create  a  diffi¬ 
cult  problem. 

Region  of  growth  is  not  a  satisfactory  or  effi¬ 
cient  method  of  segregating  lumber  or  timber 
for  strength.  There  is  no  way  of  telling  from 
the  wood  where  it  grew  and  when  wood  of  the 
same  species  from  different  regions  goes  to  the 
same  distribution  point  high  and  low  strength 
material  may  become  hopelessly  mixed.  Re¬ 
gions  of  growth  are  seldom  accurately  defined. 
Terms  such  as  Appalachian  oak,  Arkansas  soft 
pine,  or  North  Carolina  pine  are  indefinite. 
There  is  a  tendency  to  extend  the  boundaries 
of  the  regions  of  lx>th  high  and  low  strength 
material  which  results  in  controversies.  Lastly, 
even  though  there  may  be  a  pronounced  differ¬ 
ence  in  the  strength  of  the  wood  from  different 
regions,  no  region  has  a  monopoly  on  all  the 
high  or  low  strength  material. 

Naturally  producers  of  high  strength  timber 
in  any  region  want  the  quality  of  their  timbers 


recognized  by  increased  working  stresses.  The 
problem  is  how  can  such  high  strength  material 
be  selected  or  described.  A  division  into  re¬ 
gions  leads  to  confusion  and  complicates  rather 
than  solves  the  problem. 

The  establishment  of  a  single  working  stress 
for  timbers  from  different  regions  that  differ 
widely  in  strength  is  not  a  satisfactory  solu¬ 
tion.  Working  stresses  are  based  on  the  prem¬ 
ise  that  every  timber  must  safely  carry  its  de¬ 
sign  load.  If  the  weaker  timbers  of  a  region 
are  included  with  stronger  timbers  of  another 
region  under  a  single  working  stress  then  the 
working  stresses  must  be  low  enough  to  be  safe 
for  all  of  them.  That  means  inefficiency  in  use 
of  the  stronger  timbers. 

We  have  reanalyzed  the  data  on  several  spe¬ 
cies  in  an  attempt  to  find  a  visual  method  of 
identifying  the  stronger  timbers.  The  relation 
of  rings  per  inch,  density,  and  combinations  of 
these  to  strength  were  studied.  So  far  no  rela¬ 
tion  has  been  found  that  would  form  a  satis¬ 
factory  practical  basis  for  more  efficiently  segre¬ 
gating  high  strength  material  than  systems  now 
in  use.  Specific  gravity  could  be  used  as  a  basis 
of  segregation  but  so  far  no  method  of  using  it 
has  been  found  which  seems  practical.  The 
problem  of  utilizing  the  higher  strength  mate¬ 
rial  of  any  species  cannot  be  solved  perma¬ 
nently  and  satisfactorily  by  segregating  on  the 
basis  of  region  of  growth. 

Summary 

The  solution  of  the  simplification  and  stand¬ 
ardization  problems  discussed  requires  coopera¬ 
tion  of  the  lumber  industry  as  a  whole.  The 
strength  problems  point  to  the  need  of  a  non¬ 
destructive  test  and  no  satisfactory  one  is  now 
available.  Until  such  a  test  is  developed,  highly 
efficient  segregation  of  high  strength  timbers 
appears  unlikely. 

The  final  solution  of  each  of  the  problems 
presented  lies  with  industry.  Research  can  help 
by  pointing  the  way  but  no  matter  how  ex¬ 
haustive  the  research  nor  how  promising  the 
findings,  putting  them  into  practice  will  involve 
changes  in  established  practices  that  can  only 
be  made  by  industry. 
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Discussion 

Mr.  H.  F.  Jefferson  (Nettleton  Timber  Q)m- 
pany)  :  More  "wood  conkiousness”  everywhere 
is  needed.  We  need  more  education,  a  broader 
knowledge  of  wood  and  its  wonderful  proper¬ 
ties  among  users.  For  example,  the  fact  that 
nothing  can  take  punishment  like  wood. 

Mr.  R.  C.  Fraunberger  (Philco  Corpora¬ 
tion)  :  Shouldn’t  we  try  to  find  better  ways  to 
merchandize  our  products  ?  Don’t  we  need 
changes  in  terminology.^  Let’s  sell  customer 
values. 

Mr.  F.  J.  Hanraban  (National  Lumber  Man¬ 
ufacturers’  Association) :  Mr.  Johnson  has  pre¬ 
sented  problems  that  are  a  challenge  to  the 
lumber  industry:  (1)  Simplification  of  grades. 
(2)  Improvement  in  efficiency  of  stress  within 
grades.  You  must  have  research  data  on  which 
to  base  adequate  promotion  of  product.  Indus¬ 
try  is  making  progress  and  will  depend  on 
research.  We  would  like  to  know  the  effect  of 
rings  per  inch  on  grade  for  second  growth. 

Mr.  Fraunberger:  We  really  are  putting  out 
"over-quality”  material  at  too  low  cost. 

Mr.  K.  IF.  Guenther  (Seaboard  Lumber 
Company) :  Other  industries  narrowed  margins 
but  they  have  spent  money  in  research  to  do  it. 


Lumber  spends  less  than  one  percent  of  sales 
for  research. 

Mr.  L.  A.  Nelson  (Lumber  Consultant) :  I 
agree  with  Mr.  Johnson  on  the  necessity  for 
simplification  of  grades.  However,  we  must 
simplify  the  presentation  of  grades. 

Mr.  H.  V.  Simpson  (West  Coast  Lumber¬ 
men’s  Association)  :  I  too  agree  with  Mr.  John¬ 
son’s  challenge,  but  progress  is  being  made. 
For  example,  in  the  matter  of  glamorization  of 
lumber,  our  association  is  now  producing  full- 
color  booklets  and  ads  in  leading  magazines 
glamorizing  the  use  of  wood  in  the  home  and 
products  of  the  home. 

Mr.  Guenther:  Mr.  Jefferson  mentioned  that 
other  industries  have  reduced  the  quality  of 
their  product  so  that  the  product  will  perform 
only  a  rated  service,  no  more.  We  know  that 
the  lumber  industry  very  often  under-rates  its 
products  because  of  a  lack  of  product  control 
and  a  lack  of  research.  Most  other  industries 
sow  back,  into  their  research  program,  one  per¬ 
cent  of  their  sales.  The  research  pays  for  itself. 
The  lumber  industry  is  very  far  under  this 
average  of  one  percent  of  sales.  This  situation 
must  be  corrected  to  improve  the  position  of 
the  lumber  industry  in  competition. 
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Quality  Control  and  the  Improved  Seasoning 
Processes  of  the  Redwood  Industry 

Byrne  C.  Manson 

Mechanical  Engineer,  California  Redwood  Association,  San  Francisco,  Calif. 


Reccat  test  work  in  the  drying  of  redwood  shows  that  the  highest  quality  results  are  obtained  by  air 
seasoning  and  then  kiln  diving  under  a  schedule  in  which  the  drying  rate  is  controlled.  Proper  segregation  of 
the  ^reen  lumber  for  air  drying,  proper  air  drying  procedure,  and  certain  kiln  characteristics  are  essential  for 
quality  and  economical  woik. 


Introduction  . 

Four  general  considerations  must  be  taken 
into  account  to  obtain  the  desired  quality 
and  most  economical  results  in  the  drying 
of  redwood:  1,  segregation  of  the  green  lum¬ 
ber;  2,  sticking,  stacking,  and  handling  of  the 
lumber;  3,  air  seasoning;  4,  final  kiln  drying. 

Segregation  of  Green  Lumber 

The  first  problem  which  must  be  given  atten¬ 
tion  is  the  sorting  of  the  green  lumber  into 
proper  drying  segregations.  The  lumber  char¬ 
acteristics  which  affect  drying  time  and  drying 
degrade  are:  1,  weight  of  the  green  wood; 
2,  fate  of  growth  or  number  of  rings  per  inch; 
3,  intensity  of  color. 

Tests  have  shown  that  boards  of  high  initial 
weight  require  longer  drying  time  because  the 
weight  is  due  to  specific  gravity  of  the  bone-dry 
wood,  to  moisture  content,  or  to  both.  Boards 
of  high  specific  gravity  have  a  slow  transfusion 
rate  and  consequently  a  low  drying  rate  com¬ 
pared  to  boards  of  similar  moisture  content  but 
lower  specific  gravity.  Boards  of  high  moisture 
content  have  a  transfusion  rate  proportional  to 
their  moisture  content,  but  due  to  the  excess 
moisture,  they  require  longer  drying  time  than 
pieces  of  similar  specific  gravity  but  lower  mois¬ 
ture  content.  High  weight,  therefore,  regard¬ 
less  of  its  cause,  may  be  taken  as  an  indication 
of  slow  drying.  In  order  to  have  all  of  the 
boards  in  a  given  charge  reach  the  desired 
moisture  content  at  approximately  the  same 
time,  it  is  essential  that  the  initial  weight  of  the 
boards  be  in  the  same  general  class.  Green  red¬ 
wood  varies  in  weight  from  less  than  3  pounds 
to  more  than  6  pounds  per  board  foot.  The 


number  of  weight  segregations  possible  is  infi¬ 
nite,  but  for  practical  drying  three  segregations 
are  usually  made;  light,  medium,  and  heavy. 
The  basis  of  these  segregations  is  as  follows: 

Light — less  than  3.5  pounds  per  board  foot. 

Medium — 3.5  to  5  pounds  per  board  foot. 

Heavy— over  5  pounds  per  board  foot. 

The  reason  that  the  number  of  rings  per  inch 
and  the  intensity  of  color  affect  the  drying  rate 
is  not  as  clearly  understood.  However,  tests 
have  shown  that  very  fine-grained  pieces  will 
have  a  lower  drying  rate  than  pieces  with  fewer 
rings  per  inch,  if  all  other  characteristics  are 
equal.  In  practice,  this  fact  may  be  taken  into 
account  by  placing  pieces  which  are  otherwise 
on  the  borderline  of  weight  between  two  segre¬ 
gations  into  the  heavier  segregation  if  they  have 
50  rings  per  inch  or  more.  This  is  determined 
visually  without  difficulty  because  boards  with 
over  50  rings  per  inch  have  a  very  close- 
grained,  fine-textured  appearance.  Color  is 
taken  into  account  in  segregation  in  a  similar 
manner.  If  pieces  are  on  the  borderline  in 
weight,  those  of  deep  color  are  placed  in  the 
heavier,  rather  than  in  the  lighter  segregation. 

If  this  segregation  problem  is  given  the 
attention  it  merits,  the  quality  of  the  final 
product  is  improved  by  as  much  as  10  percent 
in  value.  One-half  of  this  improvement  will  be 
evident  in  less  degrade;  for  example,  the  elimi¬ 
nation  of  collapse,  split  birds-eye,  checks,  and 
stains.  The  other  5  percent  of  improvement  will 
be  evidenced  in  the  elimination  of  wet  lumber 
or  pieces  with  wet  cores  which  will  inevitably 
result  from  mixing  pieces  with  slow-drying 
characteristics  with  more  rapid-drying  stock. 
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Lumber  Handling 

Handling  of  the  lumber  after  the  segrega¬ 
tions  are  made  should  be  subject  to  the  same 
careful  control  required  for  economical  drying 
of  any  species.  The  stickers  should  be  of  uni¬ 
form  width  and  thickness  and  their  alinement 
in  the  package  should  be  as  perfect  as  possible 
to  eliminate  warp.  The  usual  sticker  size  is  1 
inch  thick  by  2  inches  wide.  Transportation  to 
and  from  the  air  yard  and  stacking  and  unstack¬ 
ing  at  the  air  yard  and  kiln  should  be  done  as 
carefully  as  possible  to  prevent  misalinement  of 
the  stickers  and  to  insure  proper  placing  of  the 
stickers  over  the  bunks  and  bolsters. 

Air  Seasoning 

The  air  yard  should  be  so  laid  out  that  max¬ 
imum  air  circulation  is  provided  around  the 
piles  and  the  volume  per  acre  should  be  limited 
so  that  the  air  drying  will  proceed  rapidly. 
Rapid,  uniform  air  drying  will  be  evidenced  by 
improved  quality  in  the  final  kiln-dried  product. 
The  actual  lay-out  of  the  yard  and  the  optimum 
footage  stacked  per  acre  depend  upon  local  cli¬ 
matic  conditions  and  cannot  be  stated  generally. 
However,  footages  between  750,000  and 
1,000,000  per  acre  appear  satisfactory. 

It  has  been  found  possible  to  kiln  dry  red¬ 
wood  green  from  the  saw  with  degrade  of  1 
percent  or  less,  but  this  procedure  is  not  eco¬ 
nomical  because  of  the  excessive  kiln  time  re¬ 
quired.  Preliminary  air  seasoning  to  a  moisture 
content  of  approximately  50  percent  prior  to 
kiln  drying  has  been  shown  to  produce  the 
highest-quality  product  at  minimum  cost.  At 
this  condition,  the  variability  of  moisture  con¬ 
tent  which  existed  in  the  green  lumber  has  been 
reduced  to  a  satisfactory  minimum  and  the  sub¬ 
sequent  kiln  drying  can  be  carried  out  with  rea¬ 
sonable  speed  and  good  control  over  the  quality. 
If  kiln  drying  of  air  seasoned  lumber  is 
attempted  at  some  moisture  content  above  this 
point,  the  kiln  time  is  excessive  and  some  types 
of  degrade  cannot  be  eliminated  with  certainty. 
Brown  stain  is  the  most  noticeable  of  these  con¬ 
ditions.  Air  seasoning  the  lumber  to  a  moisture 
content  below  50  percent  usually  requires  ex¬ 
cessive  yard-drying  time,  particularly  in  the 
high  humidity  prevailing  in  the  coastal  areas 
where  the  species  is  milled.  The  excessive  time 
is  undesirable  because  of  the  cost  involved  and 
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because  it  tends  to  give  rise  to  air-seasoning 
defects  such  as  checking. 

Proper  Kiln  Characteristics 

The  kiln  characteristics  which  redwood  re¬ 
quires  are  similar  to  the  characteristics  required 
by  the  kilns  for  handling  other  softwoods.  The 
air  circulation  should  be  uniform  and  of  a 
velocity  of  not  less  than  250  feet  per  minute 
through  the  lumber.  Circulation  rates  lower 
than  this  do  not  produce  uniform  drying  with¬ 
out  excessive  time  and  the  consequent  higher 
kiln  costs  and  more  degrade.  Rates  above  250 
feet  per  minute  and  up  to  500  feet  per  minute 
do  not  show  a  great  decrease  in  drying  time, 
but  they  do  show  an  increase  in  the  quality  of 
the  lumber.  Lumber  can  be  dried  in  kilns  hav¬ 
ing  500-foot  air  velocity  with  degrade  losses  in 
the  neighborhood  of  0.5  percent  of  the  lumber 
value.  This  has  not  been  possible  in  kilns  with 
low  circulation  rates  without  taking  excessive 
drying  time,  and  even  then  it  is  doubtful  if  it 
can  be  done  consistently.  The  higher  air  circu¬ 
lation  also  shows  considerable  improvement  in 
the  uniformity  of  the  drying.  At  250  feet  per 
minute,  the  maximum  variation  was  found  to 
be  7.2  percent  moisture  content  at  an  average 
moisture  content  of  8  percent.  At  an  air  velocity 
of  500  feet  per  minute,  this  variation  was  re¬ 
duced  to  3.7  percent.  The  higher  air  velocities 
also  show  a  considerable  improvement  in  the 
overall  quality  of  the  drying  as  indicated  by  the 
following  analyses: 

Percent  of  Total  Number  of 

Pieces  Showing  the  Defect 


Air  Velocity  Air  Velocity 
250  Feet  .500  Feet 

Defect  Per  Minute  Per  Minute 

Percent  Percent 

Stain _  5.5  0 

Collapse _  4.0  2.4 

Check _ 2.1  1.2 

Birds-eye _  2.5  3.9 

Total..* _ _  14.1  7.5 


Due  to  the  fact  that  the  higher  air  circulation 
shows  the  reduction  .-in  over-all  degrade  and  an 
increased  uniformity  of  drying,  the  higher  air- 
circulation  rates  are  justified  from  an  econom¬ 
ical  point  of  view.  The  savings  in  degrade  and 
the  increase  in  uniformity  more  than  justify  the 
additional  power  cost  necessary  to  obtain  the 
higher  air  circulation. 

The  heating  system  should  be  adequate  to 
produce  any  range  of  temperature  from  110°  F. 
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dry-bulb  on  the  green  lumber  to  180®  F.  on  the 
dry  lumber,  and  the  uniformity  of  temperature 
throughout  the  kiln  should  be  of  a  very  high 
degree.  Redwood  is  particularly  sensitive  to 
temperature  during  the  high  moisture  content 
stages.  The  sensitivity  is  evidenced  in  the  form 
of  collapse,  split  birds-eye,  and  stain,  all  of 
which  affect  the  quality.  The  temperature 
throughout  the  kiln  must  be  controlled  and  uni¬ 
form  to  eliminate  the  possibility  of  spots  in 
which  the  temperature  exceeds  the  desired 
schedule.  The  lumber  in  such  areas  will  show 
evidence  of  the  degrades  mentioned. 

The  venting  system  should  be  adequate  to 
produce  a  wet-bulb  depression  of  20®  F.  on 
green  lumber  with  a  dry-bulb  temperature  of 
110®  F.  Failure  to  achieve  this  condition  will 
result  in  slow  drying  and  may  give  rise  to  stain. 
The  humidifying  sprays  should  be  adequate  to 
hold  a  5®  F.  wet-bulb  depression  at  165®  F. 
dry-bulb  temperature  when  the  lumber  is  dry. 
If  this  condition  cannot  be  reached,  it  is  not 
likely  that  all  the  stresses  will  be  relieved  and 
losses  will  develop  in  remanufacturing,  particu¬ 
larly  in  the  manufacture  of  resawn  siding. 

Schedule  Determination 

The  last  condition  which  affects  the  quality 
of  the  drying  is  the  temperature  schedule  used 
in  the  kiln.  This  factor  is  the  most  difficult  to 
evaluate  and  to  answer  satisfactorily.  The  other 
conditions,  segregation,  handling,  yard  drying, 
and  kiln  characteristics,  are  more  or  less  me¬ 
chanical  and  each  variable  can  be  refined  inde¬ 
pendently  of  the  others.  With  the  kiln  schedule, 
the  problem  is  quite  complex  because  the  three 
variables,  temperature,  humidity,  and  lumber 
moisture  content,  may  all  be  varied  independ¬ 
ently,  but  the  optimum  result  in  quality  and 
economical  drying  depends  on  an  ideal  set  of 
relations  between  the  three  for  the  various 
phases  of  the  drying. 

The  determination  of  an  ideal  relationship 
between  the  three  conditions  has  been  the  sub¬ 
ject  of  considerable  test  work.  In  the  work 
which  has  been  done  on  redwood,  an  effort  has 
been  made  to  determine  a  basis  for  develop¬ 
ment  of  a  satisfactory  schedule.  A  method  was 
sought  which  could  be  based  on  an  established 
physical  law.  The  results  have  been  quite  satis¬ 
factory.  Several  basic  physical  conditions  which 
influence  the  drying  of  wood  were  investigated. 


A  single  condition  was  finally  selected  as  the 
basis  for  scheduling  because  it  is  the  most  ele¬ 
mentary  of  the  physical  laws,  and  by  following 
it,  lumber  was  dried  with  the  highest  degree  of 
control  over  both  quality  and  drying  time.  This 
particular  law  states  that  loss  of  moisture  con¬ 
tent  per  unit  of  time  will  be  proportional  to 
the  residual  moisture  content.  It  is  the  same  law 
that  controls  the  disintegration  of  radium  and 
the  transfer  of  heat  from  a  hot  to  a  cold  body. 
The  rate  of  transfer  is  proportional  to  the 
residual. 

The  drying  of  lumber  is,  of  course,  an  ex¬ 
tremely  complex  process,  but  it  is  believed  that 
this  single  law  expresses  the  reaction  as  simply 
and  as  accurately  as  any  mathematical  relation 
can  express  it.  The  test  data  fall  quite  closely  in 
line  with  the  pure  theory.  The  digression  of  the 
test  results  from  the  theoretical  prediction  can 
be  explained  by  the  fact  that  the  theory  assumes 
all  cells  in  a  similar  position  in  the  board  to  be 
of  the  same  moisture  content  at  any  time;  this 
is  not  true  because  of  the  natural  variation  in 
moisture  content  and  drying  rate  throughout  a 
given  board  and,  to  a  greater  extent,  through¬ 
out  the  boards  of  one  charge. 

The  theory  states  that  the  loss  of  moisture 
content  per  unit  of  time,  or  the  drying  rate, 
shall  be  proportional  to  the  residual  moisture 
content.  Since  the  drying  rate  is  proportional  to 
the  moisture  content  and  the  drying  rate  is  the 
rate  of  change,  or  first  derivative  of  the  curve 
of  moisture  content  against  time,  this  curve  is  a 
logarithmic  function,  and  the  relation  between 
the  drying  rate  and  the  moisture  content,  the 
drying-rate  factor,  is  a  constant.  This  may  be 
shown  mathematically: 

where  T  =  drying  time  in  hours 

M  =  moisture  content  in  percent  at  any 
instant 

T  =  k  log  M  -j-  c 
dT=-!i^dM 

M 

dM  M  « 

Prying  Rate  —  _  Drying-rate  Factor 

M  k  log  e 

^  Hours  to  reach  10%  M.C. 

1  —  Log  of  original  M.C. 
c  =  —  K  log  of  original  moisture  content 
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It  IS  in  the  development  of  this  relation  that  test.  Fig.  1  shows  the  type  of  test  data  taken 

the  discrepanqr  between  theory  and  practical  for  this  purpose.  The  particular  data  are  for 

work  develops.  The  above  development  shows  1-inch  redwood.  The  drying  rates  are  deter- 

that  the  drying-rate  factor  is  a  constant  since  it  mined  for  various  combinations  of  wet  and  dry- 

depends  on  "k”  and  "log  e”,  both  of  which  are  bulb  temperatures  at  various  moisture  contents, 

constant  for  any  given  species  and  size.  In  prac-  and  curves,  which  approach  straight  lines,  are 

tice,  it  has  been  found  possible  gradually  to  in-  drawn  through  the  points  of  constant  wet  and 

crease  the  factor  as  drying  progresses  without  dry-bulb  temperature.  The  points  along  these 

damage  to  the  lumber.  As  noted  previously,  this  curves  at  which  degrade  appears  are  then 

is  believed  to  arise  from  the  fact  that  the  dry-  plotted  and  the  "actual  schedule”  curve  is 

ing-rate  factor  can  be  gradually  increased  as  the  drawn  through  the  points.  The  "theoretical 

moisture  content  falls,  because  the  moisture  schedule”  curve  is  also  shown  on  Fig.  1.  This 
content  is  constantly  equalizing  and  the  possi-  is  a  straight  line  determined  by  the  purely 
bility  of  damaging  the  lumber,  due  to  forcing  mathematical  equation  and  the  drying-rate 
the  drying  of  wet  spots,  is  constantly  reduced.  factor  developed  from  it.  The  actual  schedule 
The  theory  gives  only  part  of  the  informa-  lies  below  the  theoretical  schedule  on  the  tem- 
tion  necessary  to  establish  the  schedule.  It  perature  scale  in  the  higher  moisture  content 
shows  that  the  drying-rate  factor  should  be  a  ranges,  and  above  the  theoretical  curve  in  the 
constant  and  that  the  drying-rate  curve,  plotted  lower  ranges. 

against  time,  should  be  a  smooth  curve,  with  The  determination  of  the  final  schedule  is 
moisture  content  the  only  other  variable.  It  does  made  by  using  the  temperature  setting  indicated 
not  fix  the  drying-rate  factor  unless  the  time  re-  by  the  intersections  of  the  actual  schedule  curve 
quired  to  dry  a  charge  with  minimum  loss  of  with  the  temperature  lines  above  each  moisture 
quality  is  known.  This  must  be  determined  by  content  stage.  In  practice,  the  application  of 


MOISTURE  CONTENT,  PER  CENT 

Fig.  1. — The  drying  rate  of  1-inch  redwood  under  various  wet-  and  dry-bulb  temperature  combinations. 
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this  drying-rate  method  of  schedule  determina¬ 
tion  is  quite  simple.  Once  the  curves  of  drying 
rate  have  been  plotted  for  the  particular  kiln 
plant  and  species,  as  shown  in  Fig.  1,  and  the 
basic  schedule  line  has  been  drawn  across  these 
curves,  then  schedules  faster  or  slower  than  the 
basic  may  be  readily  determined  by  drawing  a 
family  of  curves  around  the  basic  schedule 
curve.  The  other  curves  of  the  family  will 
simply  represent  schedules  which  will  produce 
higher  degrades  and  require  less  kiln  time  or 
produce  lower  degrades  and  require  more  kiln 
time.  Due  to  the  high  value  of  redwood,  it  has 
generally  been  agreed  that  the  schedule  produc¬ 
ing  degrades  of  1  percent  or  less  of  the  mill 
base  price  of  the  lumber  produces  the  most  eco¬ 
nomical  drying.  This  point  has  been  taken  in 
determining  the  basic  schedules,  and  it  is  the 
one  most  generally  accepted.  The  schedule 
which  develops  from  this  method  has  two 
noticeable  characteristics  that  can  be  used  to 
check  the  accuracy  of  any  new  schedule  which 
may  be  proposed.  There  are  (1)  the  drying-rate 
curve  plotted  against  time,  which  should  be  a 
smooth  curve  without  hips  and  valleys;  and 
(2)  the  curve  of  drying  rate  factor  plotted 
against  time,  which  should  be  a  straight  hori- 


Fig.  3. — ^Results  which  would  be  obtained  from 
drying  a  typical  charge  of  1-inch  redwood  by  using 
the  purely  theoretical  schedule. 

zontal  line  or  a  gradually  increasing  curve  with¬ 
out  sharp  breaks. 

The  schedule  which  fulfills  these  conditions 
will  always  be  one  in  which  the  temperature 
rises  gradually  and  at  an  increasing  rate,  and  the 
wet-bulb  depression  increases  gradually  and  at 
an  increasing  rate.  Fig.  2  shows  the  results  of 
using  these  data  on  an  actual  charge.  The  curves 
of  moisture  content  and  drying  rate  are  smooth 
and  gradually  decreasing.  The  drying-rate  factor 
curve  is  smooth  and  gradually  rising.  Fig.  3 
shows  the  plot  of  the  theoretical  schedule. 
These  curves  represent  what  we  should  get 
from  an  ideal  schedule  but  they  do  not  take 
degrade  into  account.  The  differences  which  are 
shown  between' Fig.  2,  the  actual  schedule,  and 
Fig.  3,  the  theoretical  schedule,  are  caused  by 
the  fact  that  the  initial  moisture  content  and 
drying  rates  are  not  uniform  throughout  the 
charge,  and  in  consideration  of  this  fact  the 
actual  schedule  must  be  altered  from  the  purely 
theoretical  one  by  decreasing  the  drying  rate  in 
the  early  stages  of  drying  and  increasing  the 
rate  in  the  later  stages. 
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Fig.  4  shows  the  results  of  using  a  schedule 
which  makes  no  effort  to  keep  a  uniform 
drying-rate  factor.  Experience  indicates  that 
lumber  dried  with  reference  to  a  uniform  dry¬ 
ing-rate  factor  will  be  dried  either  in  less  time 
or  with  less  degrade,  or  both,  than  if  it  is  dried 


Fig.  4. — Results  obtained  by  using  a  schedule 
which  makes  no  attempt  to  maintain  a  uniform  drying 
rate. 


under  a  schedule  not  based  on  this  control.  This 
may  be  explained  by  referring  to  Fig.  4.  If  the 
lumber  could  not  stand  a  higher  rate  than  that 
shown  at  point  B  at  that  particular  moisture 
content,  then  it  will  be  damaged  a  few  hours 
later  by  the  drying  rate  attained  at  point  A. 
Conversely,  if  the  drying  rate  at  A  produced  no 
noticeable  degrade,  the  lumber  was  not  being 
dried  to  its  maximum  rate  at  the  time  it  passed 
point  B,  and  kiln  time  was  being  wasted. 

Summary 

The  drying  of  redwood  is  complicated  by  the 
fact  that  the  moisture  content,  specific  gravity, 
ring  count,  and  color  intensity  vary  between 
wide  limits  in  the  green  lumber.  The  first  prob¬ 
lem  is  to  segregate  the  green  lumber  into 
groups  with  drying  chacteristics  as  similar  as 
possible.  The  second  problem  is  to  give  proper 
attention  to  the  sticking  and  handling  to  pre¬ 
vent  warps  and  splits.  The  third  point  to  con¬ 
sider  is  proper  preliminary  air  seasoning  to 
equalize  the  moisture  content  as  closely  as  pos¬ 
sible  to  an  average  of  approximately  50  percent 
prior  to  kiln  drying.  The  kilns  used  in  final 
drying  should  produce  a  high  degree  of  uni¬ 
formity  and  adequate  values  of  temperature, 
humidity,  and  air  circulation.  The  schedules 
used  in  the  kilns  should  follow  the  drying-rate 
method,  which  gives  a  uniformly  falling  dry¬ 
ing-rate  curve  dependent  upon  the  residual 
moisture  content. 


Discussion 

Mr.  R.  C.  Fraunberger  (Philco  Corpora¬ 
tion):  Is  the  paint  holding  property  of  red¬ 
wood  dependent  primarily  on  its  dryness? 
Immediately  after  the  war  redwood  siding 
shipped  to  the  East  Coast  in  many  instances 
has  failed  to  hold  paint.  What  can  be  done  to 
remedy  this  situation? 

Mr.  Mattson:  Paint  will  not  hold  satisfac¬ 
torily  on  wet  wood.  Blistering  and  staining  are 
most  common  failures.  Wood  can  get  wet  in 
service  in  homes  by  leakage  of  vapor  and  mois¬ 
ture  barriers  and  poor  joints.  Either  this  mois¬ 
ture  or  that  residual  from  poor  original  drying 
will  cause  paint  failure. 

Mr.  G.  G.  Garlick  (Protection  Products 
Manufacturing  Co.) :  Water  repellent  preserva¬ 
tive  treatments  have  met  with  success.  Today, 


siding,  trim,  millwork  and  other  similar  items 
are  being  treated  to  protect  against  blistering, 
peeling  and  staining  caused  by  excessive  mois¬ 
ture  content. 

Mr.  Manson:  They  aid  in  preventing  re¬ 
absorption  but  should  not  be  depended  on  to 
correct  faulty  original  drying. 

Mr.  H.  F.  Jefferson  (Nettleton  Timber  Co.): 
Do  you  measure  drying  rate  by  sampling?  Isn’t 
there  an  easier  way  giving  a  constant  record? 
At  the  Nettleton  Timber  Company  plant  we 
have  for  the  past  fifteen  years  used  a  simple 
device  for  continuously  indicating  the  average 
shrinkage  of  the  stock  being  dried.  This  is 
accomplished  by  a  simple  lever  device  multiply¬ 
ing  by  about  ten  times  the  actual  shrinkage  of 
all  the  lumber  comprising  one  vertical  face  of 
each  kiln  car.  Because  a  large  number  of  pieces 
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come  within  the  range  of  the  device,  it  success¬ 
fully  averages  the  shrinkage.  We  also  have 
equipment  providing  for  electrically  recording 
the  shrinkage  on  a  continuous  chart.  By  these 
ways  we  are  kept  constantly  informed  of  the 
‘rate  of  drying  of  our  lumber  and  its  average 
dryness  at  any  particular  time. 

Mr.  Manson:  We  also  measured  shrinkage, 
but  no  recording  method  is  available.  Shrinkage 
correlates  at  times  of  rapid  change.  We  need  a 
device  for  recording  moisture  content.  We  also 
used  thermocouples.  At  present,  constant  sam¬ 
pling  on  a  weight-moisture  content  basis  is 
most  reliable. 

Mr.  /.  Tudor  (Westinghouse  Electric  Corpo¬ 
ration)  :  Has  acceleration  of  drying  by  mechan¬ 
ical  agitation  been  tried  ?  If  so,  what  types  were 
tried  and  what  were  the  results? 

Mr.  Manson:  We  have  tried  high  frequency 
but  the  cost  is  too  high.  The  electric  power 
requirement  is  excessive. 

Mr.  Jefferson:  Amongst  various  methods 
of  drying  there  has  been  considerable  refer¬ 
ence  in  recent  years  to  the  use  of  radio  fre¬ 
quency  heating.  All  efforts  in  this  direction, 
related  to  the  quantity  manufacture  of  lumber, 
have  shown  that  the  method  is  far  too  costly  as 
a  means  of  generating  heat  for  drying.  Some 
investigation  of  the  use  of  sonic  and  supersonic 
energy  is  now  being  made  in  connection  with 
reducing  the  time  of  impregnation  of  wood  by 
various  liquids. 

Mr,  Tudor:  Has  any  effort  been  made  to 
accelerate  drying  by  using  sound  vibrations? 
Has  any  effort  been  made  to  accelerate  drying 
by  using  radio  frequency  heat?  Power  costs  are 
prohibitive  using  radio  frequency  heat  alone, 
but  a  combination  of  air  dry  with  a  radio  fre¬ 
quency  heat  or  vibrational  heat  could  be  eco¬ 
nomically  justifiable  and  might  give  better  dry¬ 
ing  control. 

Mr,  Manson:  Radio  frequency  was  analyzed 
but  not  followed  through  due  to  the  cost  of 


power.  High  frequency  sound  has  not  been 
tried  as  far  as  I  know, 

Mr.  William  /.  Baker  (Oregon  Forest  Prod¬ 
ucts  Laboratory) :  Because  of  the  extractives  in 
redwood,  the  fiber-saturation  point,  as  deter¬ 
mined  by  shrinkage  measurements,  is  about  % 
that  of  other  woods.  Have  you  noted  any  tend¬ 
ency  for  the  light-colored,  light-weight  mate¬ 
rial  having  lower  extractive  content  (and  prob¬ 
ably  a  higher  fiber-saturation  point)  to  check 
more  easily  than  the  heavy,  dark-colored  wood  ? 

Mr,  Manson:  Any  difference  in  tendency  of 
boards  to  check  is  more  dependent  on  hard 
‘streaks  than  on  extractive  content. 

Mr,  Baker:  Since  your  redwood  schedule  has 
virtually  a  constant  wet-bulb  depression,  the 
equilibrium  moisture  content  is  almost  constant 
throughout  the  run.  Many  species  cannot  be 
dried  to  a  low  moisture  content  or  in  a  reason¬ 
able  time  with  this  type  of  schedule.  Would 
you  care  to  comment  about  your  results  on  red¬ 
wood? 

Mr,  Manson:  High  equilibrium  moisture 
contents  have  been  found  desirable  to  eliminate 
wet  spots  without  collapse  or  checked  birds- 
eye.  These  defects,  rather  than  checking,  con¬ 
trol  the  drying  rate  and  therefore,  the  equili¬ 
brium  moisture  content  is  used  in  the  schedule. 
Lower  equilibriums,  particularly  at  the  end  of 
the  run,  are  being  investigated. 

Mr.  Baker:  Are  the  printed  formulae  free 
from  typographical  errors?  For  example,  do  the 
logs  refer  to  the  base  "e”  as  well  as  to  the  base 
”10”? 

Mr.  Manson:  As  shown,  the  equations  are  to 
the  base  "10”.  The  base  "e”  may  be  used -just 
as  well.  By  using  the  base  "e”,  the  values  of 
"k”  would  be  changed.  If  the  natural  log  to 
the  base  "e”  were  used,  the  term  "log  e  (to 
the  base  10)”  would  drop  out  of  the  equation. 
Log  e  is  a  constant  and  its  removal  would 
only  effect  the  value  of  the  constant  "k”. 


35 


FOREST  PRODUCTS  RESEARCH  SOCIETY 


Sawteeth  in  Action 

L.  H.  Reineke 

Technologist,  Forest  Products  Laboratory^  Forest  Service,  U.  S.  Department  of  Agriculture 

Studies  of  the  cutting  action  of  a  single  sawtooth  led  to  the  development  of  the  Forest  Products  Laboratory 
Duo-Kerf  rip  saw.  lliis  expmmental  saw  offers  smoother  surfaces,  reduced  power,  increased  accuracy,  and 
reduced  kerf  over  the  conventional  saw. 


Introduction 

HE  U.  S.  Forest  Products  Laboratory  is 
dedicated  not  only  to  the  better  utiliza¬ 
tion  of  the  lumber  turned  out  by  our  saw-  * 
mills  and  other  wood-producing  plants,  but 
also  to  the  better  utilization  of  the  logs  pro¬ 
duced  in  the  forests  by  nature  or  by  the  efforts 
of  our  foresters.  Much — too  much — of  the  har¬ 
vested  trees  appear  as  scrap  in  converting  them 
into  useful  articles.  Part  of  this  scrap  is  forced 
on  us  by  the  round,  tapering,  irregular  form  of 
the  raw  material,  about  which  little  can  be  done 
immediately.  The  rest  of  this  scrap  is  caused  by 
machinery,  about  which  something  can  be  done. 

The  sawmill  is  our  most  talked-about  scrap 
producer,  but  the  directly  visible  slabs,  saw¬ 
dust,  edgings,  and  trims  that  give  it  this  promi¬ 
nence  are  not  the  only  scrap  the  sawmill  pro¬ 
duces.  Rough,  inaccurately  sawed  lumber  makes 
the  user  of  rough  lumber  think  of  substitutes, 
or  makes  the  planing  mill  groan  to  convert  the 
excess  thickness  of  poorly  cut  boards  into  shav¬ 
ings  in  order  to  make  acceptable  finished  lum¬ 
ber.  How  important  this  can  be  is  shown  by 
the  work  of  C.  J.  Telford,  small  sawmill  special¬ 
ist  of  the  Laboratory,  who  has  studied  the  varia¬ 
tion  in  thickness  of  the  boards  produced  at 
sample  mills  of  different  types.  * 

Fig.  1  shows  the  number  of  boards  by 
thickness  classes  produced  by  a  sash  gang  mill 
and  six  portable  circular  mills  in  aiming  at  the 
production  of  nominal  1-inch  boards.  Now,  if 
the  thinnest  boards,  the  left-most  class  in  each 
graph,  are  the  thinnest  that  will  dress  out  to 
finish  size,  every  thickness  class  to  the  right  in¬ 
cludes  some  excess  material.  If  we  multiply  the 
excess  in  each  thickness  class  by  the  number  of 
boards  in  that  class,  and  take  the  total,  we  find 

‘  Maintained  at  Madison,  Wis.,  in  cooperation  with 
the  University  of  Wisconsin. 


that  the  sash  gang  uses  a  total  extra  thickness 
of  4yg  inches  per  hundred  boards  and  the  port¬ 
able  circular  uses  22^  inches,  all  of  which  the 
planer  has  to  make  into  low-value  shavings,  in 
addition  to  the  minimum  dressing  required  to 
clean  up  the  boards.  If,  to  these  hidden  scrap 
figures,*  we  add  the  kerf  taken  out  by  each  mill 
(Yg  and  ^5  inch),  the  total  scrap  chargeable  to 
sawing  becomes  16%  inches  per  hundred 
boards  for  the  sash  mill  and  50%  inches  for 
the  portable  mill,  a  ratio  of  1  to  3.  Consider¬ 
ing  both  sawing  inaccuracies  and  kerf,  it  be¬ 
comes  evident  that  the  sawing  operation  is  not 
uniformly  at  its  best.  What  can  be  done 
about  it? 

Something  Done  About  It 

The  Forest  Products  Laboratory  has  been  do¬ 
ing  research  on  saws  and  other  cutting  tools 
for  several  years.  Work  with  portable  mills  has 
been  separately  reported.®  Concurrently,  in¬ 
vestigations  are  being  made  of  the  basic  rela¬ 
tionships  between  the  physical  characteristics 


*  By  reducing  the  circular  saw  set-over  for  each  cut 
by  ^  inch,  the  three  thinnest  boards  will  be  under¬ 
size  and  perhaps  only  partially  usable,  but  the  A-inch 
saving  on  each  of  the  100  boards  will  save  9%  inches 
of  material  from  which  an  additional  6%  boards  per 
100  (including  their  kerf)  could  be  cut.  Trading 
better  than  6  boards  per  100  for  3  partial  or  even 
complete  rejects  would  seem  to  h»e  good  business. 
With  the  sash-gang  saw,  a  reduction  in  saw  spacing 
of  A  inch  would  yield  a  net  gain  of  DA  boards  per 
100  provided  the  resulting  5  undersize  Tx)ards  were 
dressed  and  marketed  as  %-inch  boards,  or  were  thick 
enough  over  75  percent  of  their  length  to  make 
shorter  1-inch  boards.  Rejects  might  find  use  around 
the  mill  for  construction  or  lumber  pile  roofs. 

‘Telford,  C.  J.,  and  L.  H.  Reineke,  "Investigation 
of  Energy  Requirements  for  Inserted-Point  Circular 
Headsaws,”  American  Society  of  Mechanical  Engi¬ 
neers,  70:11  p.  913,  Nov.  1948. 

Telford,  C.  J.,  "Energy  Requirements  of  Insert- 
Point  Circular  Headsaws,”  Southern  Lumberman, 
178:2235,  p.  42,  May  .15,  1949. 
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EXCESS  thickness,  IN  SZnds  OF  AN  INCH 


Fig.  1. — Typical  thickness  variations  in  boards  cut 
by  two  types  of  mills.  In  every  100  boards  produced 
by  a  sash  gang  mill,  only  1  board  exceeded  the  min¬ 
imum  required  thiclmess  by  as  much  as  A  inch,  and 
5  boards  were  of  the  exact  minimum  required. 

and  strength  properties  of  wood  and  the  cutting 
action  and  mechanical  forces  involved  with 
various  types  of  cutting  tools. 

Such  studies,  if  attempted  on  commercial 
woodworking  machinery  operating  at  normal 
production  rates,  would  require  a  large  assort¬ 
ment  of  machines,  elaborate  instrumentation, 
and  consumption  of  a  large  amount  of  mate¬ 
rial.  The  forces  at  the  cutting  edges  would  be 
obscured  by  other  machine '  forces  and  there¬ 
fore  difficult  to  segregate.  The  large  volume  of 
wood  handled  through  modern  machines  would 
make  it  impractical  to  classify  the  test  material 
by  characteristics  such  as  specific  gravity,  tough¬ 
ness,  hardness,  growth  rate,  or  other  properties, 
so  that  the  changes  in  forces  caused  by  differ¬ 
ences  in  the  material  would  be  submerged  in 
an  over-all  average,  not  particularly  useful  be¬ 
cause  tool  limitations  are  normally  imposed  by 
the  extremes. 

Tests  on  commercial  machinery  in  full  pro¬ 
duction  naturally  are  a  desirable  and  necessary 
part  of  a  thorough  investigation,  but  the  profit¬ 
able,  effective  range  of  such  tests  should  be  pre¬ 


determined  by  quicker,  less  costly  tests  to  weed 
out  unprofitable  lines  of  research  and  focus 
attention  on  the  critical  range  of  critical  factors. 

Research  Basis 

All  machine  cutting  of  wood  can  be  consid¬ 
ered  as  a  more  or  less  rapid  repetition  of  a  cut¬ 
ting  cycle.  With  headsaws  and  revolving  cut- 
terheads,  the  cut  made  by  one  tooth  or  knife 
constitutes  the  cycle;  with  some  cross-cutting 
•saws  the  sequence  of  one  group  of  left-hand 
and  right-hand  side-cutting  and  raker  teeth 
makes  the  cycle;  in  boring  or  lathe  work,  one 
revolution  of  the  drill,  or  one  turn  of  the  stock 
or  veneer  bolt  becomes  the  unit  cycle.  A  study 
of  the  unit  cutting  cycle  should,  therefore,  dis¬ 
close  a  typical  pattern  that  is  repeated  in  suc¬ 
ceeding  cycles. 

With  a  full  understanding  of  the  action  dur¬ 
ing  one  cycle,  the  aggregate  effect  of  numerous 
repetitions  is  largely  a  matter  of  multiplication. 
Under  some  operating  conditions,  however,  one 
cycle  may  affect  succeeding  cycles,  as  in  saw 
dodging.  Operational  factors,  such  as  the  tool 
temperatures  attained  under  continuous  cutting, 
may  affect  the  pattern  of  cutting  action  some¬ 
what.  The  effect  of  repetition,  however,  is  more 
readily  analyzed  if  the  independent  cycle  is 
known.  This  fact,  plus  the  reduction  of  experi¬ 
mental  error  by  accurate  knowledge  and  control 
of  the  small  amount  of  test  material  needed, 
makes  the  single-cycle  approach  very  attractive. 

Research  Equipment 

The  method  to  be  chosen  for  studying  the 
action  during  single  cuts  or  sequences  had  to 
combine  sensitivity  and  accuracy  with  ready 
adaptability  to  a  wide  range  of  operating  condi¬ 
tions,  including  speed,  feed,  cutting  radius,  tool 
and  material  positions,  tool  forms,  wood  spe¬ 
cies,  grain  direction,  hardness,  and  other  char¬ 
acteristics. 

These  requirements  for  a  testing  machine  or 
dynamometer  seemed  most  likely  to  be  met  by 
utilizing  the  principle  of  the  pendulum.  If  a 
frictionless  pendulum  is  released  from  a  given 
height,  it  will  swing  to  that  same  height  on  the 
opposite  side.  This  free- swing  height  will  be 
reduced  if  the  swing  is  obstructed,  as  by  placing 
a  piece  of  wood  in  the  path  of  a  cutting  tool 
attached  to  the  pendulum.  The  difference  be- 


37 


FOREST  PRODUCTS  RESEARCH  SOCIETY 


tween  free-swing  height  and  obstructed-swing 
height  represents  the  energy  absorbed  from  the 
pendulum  by  the  obstruction.  The  mathematical, 
structural,  and  operating  simplicity  of  the  pen¬ 
dulum  made  it  the  logical  choice,  and  design  of 
the  testing  equipment  was  accordingly  based  on 
this  principle. 

The  completed  dynamometer  is  shown  in 
Fig.  2.  Essentially,  the  final  design  incorporates 
a  pair  of  slanting  end  posts  supporting  an  arch, 
from  the  center  of  which  hang  two  thin-wall 
tubular  pendulums,  large  in  diameter  to  prevent 
torque  deflections,  hollow  to  receive  weights 
adjustable  in  size  and  position  to  vary  the  en¬ 
ergy  or  velocity.  A  tool  holder  is  mounted  on 
one  pendulum,  and  a  specimen  holder,  with 
micrometer  feed  device,  on  the  other.  The  bear¬ 
ing  shaft  of  each  pendulum  extends  beyond  the 
outer  hearing  and  supports  a  two-step  drum 
(fig.  3),  the  smaller  one  being  very  narrow 
and  serving,  with  the  wire-supported  weight, 
as  a  calibrating  drum,  whereas  the  larger  drum 
is  wide  enough  to  carry  a  strip  of  electrosensi¬ 
tive  recording  paper  10  inches  wide.  A  set  of 
styluses,  carried  by  a  chain  driven  at  constant 
speed,  moves  along  a  straight  line  parallel  to  the 
pendulum  shaft. 


Fig.  2.  —  Pendulum  dynamometer  developed  for 
cutting  tests.  Tool  holder  is  mounted  on  right-hand 
pendulum  and  specimen  holder  on  the  left.  Motor 
drives  roller  chains  that  carry  recording  styluses 
across  drums  at  constant  speed.  Tape  attached  to  each 
drum  shows  maximum  angle  reached  by  pendulum 
on  its  forward  cutting  swing. 


Fig.  3. — ^Recording  and  calibrating  drum  of  dynam¬ 
ometer,  with  calibrating  weight  suspended  by  wire 
around  grooved  inner  end  of  drum.  Control  knobs  on 
panel  are  for  adjustment  of  voltage  passed  throu^ 
electrosensitive  recording  paper  by  styluses  carried  by 
motor-driven  chain. 

Rotation  of  the  drum  under  the  stylus  pro¬ 
duces  a  trace  showing  the  angular  position  of 
the  pendulum  in  relation  to  time.  This  trace  is 
sinusoidal  when  the  pendulum  swings  freely. 
When  60-cycle  alternating  current  is  passed 
through  the  stylus,  the  trace  is  interrupted  120 
times  per  second,  producing  dashes  of  a  length 
proportional  to  velocity.  Thus,  velocities  shown 
by  the  slope  of  the  trace  can  be  checked  by  time 
measurements,  or  the  duration  of  a  specific  por¬ 
tion  of  the  trace  can  be  determined  by  count  of 
the  breaks  in  the  trace.  By  this  graph,  changes 
in  velocity  in  different  portions  of  the  sample, 
such  as  knots  or  areas  of  distorted  grain,  can  be 
measured.  When  a  complete  record  of  the  test 
is  not  needed,  a  tape  graduated  in  degrees  is 
attached  at  one  end  to  the  drum  and  passes 
through  a  fixed  index  that  holds  the  tape  at  the 
point  of  maximum  swing. 
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Operation  of  Test  Equipment 

Calibration  of  the  machine,  performance  of 
the  test,  and  calculation  of  the  energy  consumed 
in  the  test  are  in  reality  simple  operations.  The 
wood  specimen  to  be  used  (up  to  2  inches  in 
•thickness)  is  clamped  in  the  specimen  holder, 
varying  the  position  of  the  holder  or  the  direc¬ 
tion  of  the  grain  in  the  specimen  to  permit  the 
cutting  tool  to  cut  at  the  desired  angle  to  the 
grain.  The  tool  (a  saw  tooth  or  set  of  teeth,  a 
straight  or  formed  shaper  blade,  or  other  cut¬ 
ting  edge)  is  placed  in  the  tool  holder  in  posi¬ 
tion  to  cut  as  desired,  either  on  an  inside  radius 
as  in  saw'ing,  an  outside  radius  as  in  rotary 
veneer  cutting,  or  in  a  plane  as  in  slicing  or 
stationary-blade  planing.  Both  holders  are 
clamped  to  their  pendulum  columns  at  positions 
that  give  the  required  cutting  radius,  but  with 
the  specimen  retracted  enough  to  be  cleared  by 
the  tool.  Extra  weights,  if  needed,  are  placed 
within  the  columns  at  the  desired  distance  from 
the  center  of  rotation.  The  tool-carrying  pendu¬ 
lum  is  raised  to  the  desired  height,  and  the  slack 
in  the  maximum-swing  tape  is  taken  out  by 
pulling  the  tape  through  the  index.  The  pendu¬ 
lum  is  then  released,  rotation  of  the  attached 
dmm  drawing  the  tape  through  the  index  until 
the  maximum  height  is  reached  at  the  comple¬ 
tion  of  the  forward  swing.  The  tape,  which  re¬ 
mains  in  position  during  the  back  swing,  indi¬ 
cates  the  angle  of  free  swing  corresponding  to 
the  initial  swing. 

For  calibration,  the  pendulum  is  again  raised 
to  the  starting  position  and  a  calibration  weight 
of  5  or  10  pounds  is  suspended  from  a  steel 
piano  wire  fastened  in  the  groove  of  the  narrow 
calibration, drum  so  that  the  weight  is  on  the 
side  away  from  the  pendulum  end  and  will  be 
lifted  as  the  pendulum  swings  forward.*  After 
setting  the  maxrmum-angle  tape  and  reading 
the  initial  angle  (a),  the  pendulum  is  released. 
The  maximum  angle  reached,  (fi),  will  be  less 
than  that  in  the  free  swing  because  of  retarda¬ 
tion  due  to  the  energy  absorbed  in  lifting  the 
calibration  w'eight.  The  energy  absorbed  is  the 
calibration  weight  (w)  multiplied  by  the  cir¬ 
cumference  (C)  of  the  calibration  drum  which 
is  multiplied  in  turn  b)  the  portion  of  a  com- 

*  If  the  calibration  weight  is  suspended  on  the 
opposite  side  of  the  drum,  it  will  add  to  the  energy 
of  the  pendulum.  Either  method  is  acceptable. 


plete  revolution  the  total  swing  of  the  pendu¬ 
lum  represents,  or 

ct  I  R 

Gilibration  weight  energy  =  w  X  ^  X 

In  Fig.  4,  the  simple  pendulum  released 
from  position  A  has  swung  to  a  slightly  lower 
position  B  on  the  other  side  because  of  slight 
bearing  friction  and  air  resistance.  The  energy 
at  the  bottom  of  the  forward  swing  is  sufficient 
to  raise  the  pendulum  w’eight  w  to  a  height  h. 

In  foot-pounds  this  energy  equals  h  (in  feet) 
times  w  (in  pounds).  Height  h  is  readily  com¬ 
puted  as  1  minus  the  cosine  of  the  angle  j8, 
times  L,  the  pendulum  length.  (When  angles 
above  the  horizontal  are  involved,  as  in  pendu¬ 
lum  position  C,  h  is  similarly  [1  —  cos  (180 
— Pc  )]  L,  if  cos  (180  —  j8c)  is  considered 
negative  and  subtracted  algebraically.)  The 
length  L  would  be  difficult  to  determine  for  the 
many  combinations  of  weights  and  positions  of 
the  actual  ^ndulum  used,  but  need  not  be 
known.  Since  h  =  L  (1  —  cos  fi),  energy 
equals  wL  (1  —  cos  jS).  The  term  wL  is  con¬ 
stant  for  a  given  setup.  In  the  free  swing  and 
calibration  swing 

Pendulum  energy 

Pendulum  energy  —  calibration  weight  energy 
w  L(1  —  cos  )8i) 
w  L(1  —  cos  P2) 

where  is  the  free-swing  maximum  angle  and 
jSj  is  the  maximum  angle  with  the  calibration 
weight.  Clearing  and  transposing,  this  equation 
becomes 

Pendulum  energy  =  (Pendulum  energy  — 
calibration  weight  energy) 

(1  —  cos  P2) 

For  a  given  initial  angle  and  pendulum  setup. 
Pendulum  energy  —  calibration  weight  energy 
(1— cosjSj) 

is  constant,  and  can  be  denoted  by  k,  hence,  for 
any  terminal  angle  p,  the  pendulum  energy  is 
k(l  — cos  p). 

The  calibration  for  the  specimen-bearing  pen¬ 
dulum  can  be  made  in  the  same  way  if  it  is  to 
be  used  in  either  a  free-hanging  or  a  counter¬ 
swinging  fashion,  but  need  not  be  made  if  the 
pendulum  is  locked.  Recalibration  is  necessary 
only  if  the  weight  distribution  of  the  pendulum 
is  changed. 
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Fig.  4. — The  principle  of  the  pendulum.  If  the 
pendulum  starts  from  A,  its  energy  at  the  bottom  of 
the  swing  is  sufficient  to  lift  its  weight  W'  to  ter¬ 
minal  position  B,  equivalent  to  a  vertical  lift  h. 


In  preparation  for  the  actual  cutting  tests,  the 
wood  specimen  may  be  precut  to  conform  to  the 
cutting  path  of  the  tool,  or  the  specimen  may 
be  gradually  advanced  toward  the  tool,  between 
swings  of  the  tool  pendulum,  by  the  micrometer 
feed  screw,  light  cuts  being  taken  until  the  cut 
includes  the  full  cutting  arc  across  the  entire 
specimen.  Thus  prepared,  the  tool  pendulum  is 
raised  to  its  release  height,  the  specimen  is  ad¬ 
vanced  the  desired  amount  by  the  micrometer 
feed,  and  the  maximum-angle  tapes  are  drawn 
up.  The  tool  pendulum  is  then  released  to 
make  the  cut,  as  shown  in  Fig.  5,  and  caught 
on  the  backswing,  and  locked  at  release  height 
for  the  next  cut.  The  maximum  angles  reached 
by  both  pendulums  are  recorded,  the  specimen 
advarrced,  tapes  reset,  and  the  tool  pendulum 
released.  This  sequence  is  repeated  as  often  as 
necessary  to  obtain  the  number  of  measurements 
needed  for  averages  or  comparative  values  that 
are  statistically  reliable. 


Capacity  of  Test  Equipment 

The  available  ranges  of  test  feeds,  speeds, 
and  energy  input  are  wide.  One  graduation  of 
the  feed  screw  corresponds  to  a  feed  of  2.5  mils 
(0.0025  inch)  and  feed  may  range  upward 
from  this  amount  to  a  quarter  inch  or  more. 
Cutting  speeds  can  be  regulated  from  a  high  of 
2,500  feet  per  minute  (without  speed-raising 
accessories)  down  to  the  essentially  static  con¬ 


ditions  resulting  when  the  specimen  pendulum 
is  pulled  slowly  forward  against  the  tool,  the 
tool  pendulum  applying  increasing  force,  due 
to  its  weight,  as  it  approaches  the  horizontal. 
Several  hundred  pounds  of  additional  weights 
can  be  used  to  increase  the  static  tool  pressure 
or  its  kinetic  energy. 

Despite  the  wide  range  in  test  conditions,  the 
dynamometer  free-swing  values  are  consistent 
to  within  1  part  in  4,000.  Air  resistance  is  the 
major  source  of  friction  loss;  bearing  friction 
was  made  very  low  by  the  use  of  preloaded 
precision  ball  bearings  on  the  outer  ends  of  the 
shafts,  and  by  supporting  the  inner  end  of  one 
shaft  on  needle  bearings  within  the  end  of  the 
other  shaft,  which  in  turn  is  supported  by 
needle  bearings  mounted  in  the  frame.  That 
bearing  friction  is  low  is  shown  by  the  fact 
that,  with  the  pendulum  hanging  free,  a  single 
hair  stretched  out  and  pulled  against  a  razor- 
sharp  tool  edge  will  cause  a  small  deflection 
of  the  pendulum  before  the  hair  is  cut  through. 

This  high  sensitivity  means  that  all  the  small 
variations  in  specimens  and  in  the  action  of  the 
cutting  edges  will  be  reflected  in  the  readings 
of  the  dynamometer.  Each  test  series  must  be 
designed  to  segregate  the  effects  of  variations  in 
the  sample  from  the  variations  in  cutting  action. 
This  is  not  difficult;  it  merely  requires  that  the 
design  of  the  experiment  be  carefully  worked 
out. 

Scope  of  Information 

The  first  few  tests  with  the  dynamometer 
showed  that  information  aplenty  could  be -had 
— and  would  be  needed — for  a  full  understand- 


Fig.  5. — Stroboscopic  type  of  photo  of  single 
insert-type  sawtooth,  carried  by  the  tool-holding  pen¬ 
dulum,  swinging  into  wood  sample  mounted  in  the 
specimen  holder  on  the  other  pendulum. 
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ing  of  the  cutting  action  of  even  one  type  of 
tool.  Because  of  the  importance  of  saws  to  the 
forest  products  industries,  the  swaged  sawtooth 
was  chosen  as  the  first  tool  for  study. 

The  action  of  cutting  tools  is  dependent  to 
some  extent  on  the  keenness  of  the  cutting  edge. 
Initial  sharpness  may  vary  widely,  and  dulling 
begins  as  soon  as  the  tool  goes  into  use.  A 
measure  of  sharpness  obviously  was  needed  to 
permit  separation  of  the  effects  of  keenness 
from  the  effects  of  other  variables,  such  as  cutter 
form  and  speed,  rate  of  feed,  and  resistance  of 
the  wood.  A  uniform  material  that  would  not 
injure  a  fine  edge  might  be  used  to  measure 
sharpness  in  terms  of  the  energy  required  to 
cut  a  unit  area  of  the  material. 

A  readily  available  material,  uniform  and  re¬ 
producible,  is  50-50  solder.  A  bar  of  this 
solder  was  tested  as  a  sharpness  indicator  with 
good  results,  after  early  irregularities  were 
cleared  up.  The  first  tests  of  energy  consumed 
in  cutting  the  solder,  in  relation  to  thickness  of 
chip  (feed  rate),  resulted  in  a  more  or  less 
straight-line  graph,  but  with  far  greater  varia¬ 
tion  of  individual  values  than,  expected.  The 
feed  mechanism  was  suspected  of  irregularities, 
and  so  a  micrometer  was  used  on  the  solder 
chips  after  uncurling  them.  Measured  thick¬ 
nesses  were  quite  different  from  the  intended 
feed  rates,  but  when  energy  consumed  was  plot¬ 
ted  over  measured  thickness  the  resulting  graph 
was  less  linear  and  no  better  defined  than 
before. 

Critical  examination  of  the  solder  chips 
showed  that  they  were  much  shorter  than  the 
length  of  the  cut  area  on  the  solder  bar.  This 
shortening  became  more  noticeable  as  feed  rate 
increased;  obviously,  the  solder  tended  to  cold- 
flow  as  a  result  of  pressure  by  the  sawtooth, 
and  this  flow  thickened  the  chips,  since  expan¬ 
sion  in  width  was  prevented  by  adjacent  stock. 
With  this  knowledge,  it  was  evident  that  chip 
weight  was  necessary  to  check  or  determine  feed 
rate.  Variation  in  feed  was  then  traced  to  diffi¬ 
culties  in  clamping  the  narrow,  taper-sided,  em¬ 
bossed-top  solder  bar.  By  plotting  energy  in 
relation  to  weight  of  chip,  the  variations  in  feed 
from  clamping  irregularities  were  neutralized, 
and  the  graph  relating  energy  consumption  to 
chip  weight  was  a  perfectly  straight  line  of 
positive  slope,  extremely  well-defined,  with  a 
correlation  coefficient  of  0.99754  ±  0.0024. 


Unhappily,  however,  the  line  passed  above  the 
origin,  thus  showing  some  energy  consumption 
at  zero  feed  and  suggesting,  at  the  time,  some 
experimental  failure. 

The  insert-type  sawtooth  used  with  the  solder 
tests  had  been  lapped  and  polished  to  a  mirror 
finish  (Fig.  6),  to  achieve  an  edge  of  maximum 
sharpness.  Such  keenness  would  be  impractical 
in  ordinary  usage,  but  served  as  a  reproducible 
starting  point  for  studying  the  progression  of 
dulling.  This  extremely  sharp  tooth  was  then 
used  to  cut  dry  sugar  maple  across  the  end 
grain,  with  a  metered  feed  increasing  from  2.5 
mils  (0.0025  inch)  to  100  mils  (0.100  inch). 
Since  wood  could  not  be  expected  to  cold-flow 
under  cutting  pressure,  micrometer  measure¬ 
ments  of  chip  thickness  were  made  in  prefer¬ 
ence  to  taking  chip  weight  as  a  check  on  uni¬ 
formity  of  feed. 

Measured  thicknesses  for  the  various  feed 
rates  used  were  very  consistent  from  cut  to  cut. 


Fig.  6. — An  insert-type  sawtooth  sharpened  to  a 
mirror  finish  reflects  the  lines  and  fibers  of  graph 
paper  on  which  it  lies.  The  actual  cutting  edge  is 
invisible,  but  lies  along  the  central  vertical  line  at 
the  points  of  the  inverted  V’s  in  the  horizontal  lines. 
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but  did  not  tally  exactly  with  the  metered  or 
feed-screw  values,  always  exceeding  them.  To 
locate  the  cause,  the  excess  in  thickness  was 
plotted  over  metered  feed  (Fig.  7),  in  which 
the  excess  in  thickness  is  practically  a  uniform 
half  mil  for  feeds  up  to  15  mils,  and  4.5  mils 
for  feeds  over  25  mils,  up  to  30  mils,  the  maxi¬ 
mum  feed  at  which  the  Aip  held  together  well 
enough  to  measure.  The  total  depth  of  cut 
measured  on  the  stock  checked  with  the  sum  of 
all  the  metered  feeds,  thus  verifying  the  feed¬ 
screw  accuracy  but  posing  the  question  of  why 
the  separate  chips  should  measure  more  than 
the  feed  rate.  For  the  feeds  of  15  mils  or  un¬ 
der,  the  very  slight  excess  could  be  attributed 
to  a  slight  roughening  of  the  cut  surfaces,  but 
some  other  factor  must  be  responsible  for  the 
sudden  and  appreciable  rise  between  the  1 5  and 
25  mil  rates.  The  answer  was  found  in  the 
process  of  chip  breakup. 


metered  feed -mils  per  cut 


Fig.  7. — The  measured  thicknesses  of  chips  cut  at 
various  feed  rates  exceed  the  metered  feeds  by 
amounts  that  vary  with  slippage  of  chip  segments 
along  the  transverse  shear  lines.  At  feeds  of  less  than 
15  mils,  excess  thickness  is  due  to  surface  roughness; 
above  30  mils  the  chips  fall  apart  into  sawdust  as 
they  are  pried  loose  by  the  tooth  face. 

In  Fig.  8,  A  is  a  chip  0.0025  inch  thick,  the 
thickness  of  a  hair.  It  curls  naturally  under  its 
own  weight;  it  is  a  continuous,  unbroken  rib¬ 
bon.  Chip  B  is  0.0075  inch  thick,  and,  although 
it  is  a  continuous  ribbon,  it  is  somewhat  stifiFer 
than  chip  A  and  does  not  curl.  Chip  C  is 
0.0125  inch  thick,  fairly  stiflF,  and  shows  some 
fractures  and  a  few  complete  breaks  due  to 
bending  by  the  face  of  the  tooth  or  in  the  gul¬ 
let.  Chip  D,  0.020  inch  thick,  broke  completely 
quite  a  few  times.  The  breaks  become  more 
numerous  as  the  chip  becomes  thicker,  until  at 
a  feed  of  0.050  inch  all  semblance  of  a  ribbon 


Fig.  8. — Chip  breakage  becomes  increasingly  severe 
as  feed  rate  increases  from  2.5  mils  (A)  to  50 
mils  (E). 


is  lost  and  the  chip  comes  from  the  gullet  as 
typical  sawdust  (E). 

Here,  in  the  breaking  up  of  the  ribbon,  is 
the  explanation  of  the  excess  chip  thickness. 
As  the  chip  becomes  too  thick  to  bend  over  the 
tooth  face,  it  tends  to  shear  along  the  grain  in 
planes  that  are  crosswise  to  the  direction  of  cut. 
At  the  minimum  thickness  at  which  these  shear 
planes  develop,  the  adjacent  pieces  are  not  per¬ 
manently  displaced,  but  as  the  thickness  in¬ 
creases  the  front  piece  at  a  shear  plane  slides 
upward  over  the  following  piece,  with  partial 
rupture  of  attacked  fibers.  As  a  result,  the  suc¬ 
cessive  partly  detached  pieces  acquire  a  dis¬ 
placed  and  partially  tipped  position  in  the  rib¬ 
bon-like  chip,  as  shown  by  the  side  view  of  a 
very  thick  Aip  in  Fig.  9.  This  slippage  and 
tilting  increase  the  distance  between  the  high 
spots  on  top  and  bottom  surfaces,  resulting  in 
an  apparent  increase  in  thickness.  The  maxi¬ 
mum  excess  thickness  is  reached  at  the  point 
where  the  fibers  holding  the  pieces  together  are 
too  few  or  weak  to  hold  the  pieces  in  a  more 
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Fig.  9. — This  thick  chip  has  broken  along  transverse  shear  planes,  but  a  few  fibers  continue  to  hold  the 

pieces  together  in  a  tipp>ed  position. 


fanned-out  position.  Beyond  this  point,  fiber  At  maximum  feed  rates,  especially  in  dense 
detachment  at  the  shear  planes  becomes  com-  or  frozen  wood,  these  four  sawing  actions  may 

plete  and  a  granulated  chip  results.  run  into  trouble.  The  cutting  edge  may  dull 

The  process  by  which  chips,  or  sawdust,  are  quickly.  In  prying  the  chip  loose  the  tool  may 

formed  in  ripping  is  vaguely  suggested  by  the  l^nd,  or  even  break  off.  The  thick  chip  of 

progressive  change  in  chip  as  feed  increases.  dense  wood  will  resist  breakup,  strongly,  and 

Because  of  the  high  speed  at  which  a  saw  tooth  may  cause  excessive  friction  and  abrasion  on 

performs  its  duties,  the  details  of  its  action  are  some  part  of  the  tooth.  As  the  broken-up  chip 

invisible.  is  pulled  ahead  by  the  gullet,  the  resistance  to 

Seemingly,  the  action  is  complex,  but  the  chip  removal  places  a  stress  on  the  tooth,  a 

complexity  is  that  which  results  when  several  stress  that  is  released — and  released  abruptly — 

actions  occur  in  unison  or  in  quick  succession.  at  the  instant  the  tooth  and  sawdust  leave  the 
When  the  actions  are  taken  separately,  each  one  kerf. 

is  merely  the  equivalent  of  a  common,  every-  These  four  actions  provide  all  the  energy 
day  kind  of  manual  operation.  required  to  make  the  saw  cut — including  some 

There  are  four  principal  actions  working  in  energy  in  the  form  of  heat  resulting  from  in- 

the  kerf  in  perfect  coordination,  each  doing  one  ternal  friction  in  the  wood  or  friction  between 

of  the  four  parts  of  the  job.  In  the  first,  work  the  stock  and  the  tool  or  sawdust.  The  division 

is  exerted  to  sever  the  fibers  along  the  bottom  of  this  labor  between  the  four  actions  is  not 

of  the  chip-to-be  with  a  very  thin  cutting  edge.  always  equitable.  The  job  of  fiber  severing  is 

In  the  second  step,  the  severed  chip  is  pried  monotonously  regular  regardless  of  feed  rate, 

loose  from  the  sides  of  the  cut,  shearing  the  side  because,  whether  the  chip  be  thick  or  thin,  the 

fibers  and  incidentally  meeting  resistance  from  same  number  of  fibers  must  be  severed  at  a 

cross  grain  along  the  near  side.  In  the  third,  constant  energy  input,  at  the  level  A  in  Fig.  10, 

the  loosened  chip  is  broken  into  small  bits,  so  if  the  cutting  tool  is  unusually  sharp,  or  at  some 

that,  in  the  last  action,  the  pieces  of  broken  higher  lever  B  if  duller.  The  other  action  of 

chip  can  be  removed  from  the  tight-fitting  kerf.  this  c(X)rdinated  team  v.’ork  hard  or  take  it  easy, 
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ening  reduces  fiber  severance,  lowering  curves  to  posi¬ 
tion  A. 

depending  on  the  feed  rate.  When  the  feed  is 
slow,  the  chip  is  thin  and  easily  pried  loose, 
broken  up  and  cleaned  out  of  the  kerf.  When 
the  feed  doubles,  the  chip  is  twice  as  thick  and 
twice  as  hard  to  pry  loose,  break  up,  and  clean 
out. 

The  energy  per  cut  expended  in  prying  the 
chip  l(wse  is  added  to  the  severance  energy 
curve  B  to  give  curve  C.  Likewise,  the  energy 
in  breaking  up  the  chip,  when  added  to  curve 
C,  gives  curve  D,  and  finally,  the  addition  of 
the  clean-out  energy  to  curve  D  completes  the 
summation  with  curve  E. 

The  proportionment  of  total  energy  between 
the  four  actions  is  contingent  on  many  factors. 
Besides  tool  sharpness,  fiber  severance  energy 
will  vary  with  moisture  content,  species,  hard¬ 
ness  or  density,  and  strength  of  the  wood.  The 
shear  strength  that  resists  breaking  the  chip 
loose  varies  with  species  and  moisture  content, 
and  the  resistance  will  also  vary  with  direction 
of  grain.  The  energy  expended  in  breaking  up 


the  chip  will  vary  with  shear  strength  of  the 
species,  moisture  content,  and  frequency  of 
breaks  across  the  chip,  this  latter  varying  in¬ 
versely  with  hook  angle.  Finally,  the  energy  for 
chip  removal  will  depend  on  the  roughness  of 
the  kerf  walls,  the  hardness  of  the  wood,  and 
the  amount  of  deformation  and  cross  grain  in 
the  wood  that  may  cause  the  chips  to  bind  in 
the  kerf. 

The  numerous  combinations  of  conditions 
possible  will  result  in  variation  of  the  slope 
and  general  elevation  of  curve  E  of  Fig.  10, 
which  indicates  the  general  relationship  between 
total  energy  and  feed  per  tooth.  This  curve 
crosses  the  zero  feed  line  at  a  positive  value, 
which  may  be  low  if  the  cutting  edge  is  sharp 
(curve  A),  or  higher  as  the  cutting  edge  dulls 
(curve  B),  the  series  of  curves  moving  bodily 
upward  since  the  prying,  breaking,  and  clean¬ 
out  energies  are  independent  of  fiber  severance 
energy.  The  zero-feed  value  of  the  total-energy 
curve  E  thus  indicates  initial  sharji>ness  and 
changes  in  sharpness,  and  in  the  tests  with 
solder,  the  graph  that  'unhappily  passed  above 
the  origin’  actually  was  indicating  the  force  re¬ 
quired  to  sever  the  solder,  as  distinguished  from 
the  energy  required  to  free,  curl,  and  deform 
the  chip. 

The  effect  of  sharpness  and  feed  per  tooth 
on  total  energy  per  inch  of  saw  line  can  be 
deduced  from  curves  A,  B,  and  E,  of  Fig.  10. 
Excluding  fiber  severance,  the  energy  per  cut 
for  a  given  feed  rate  is  curve  E  minus  curve  B. 
If  this  difference  at  various  feed  rates  is  multi¬ 
plied  by  the  number  of  cuts  per  inch,  horizontal 
curve  A  of  Fig.  1 1  can  be  plotted,  showing  that 
the  three  phases  of  the  operation  involved  are 
a  constant  for  a  unit  length  of  saw  line  (or 
unit  area  of  sawed  face) ,  even  though  the  work 
per  cut  varies.  Since  fiber-severance  energy  is 
constant  for  each  cut,  regardless  of  feed  rate, 
the  severance  energy  per  inch  of  saw  line  is  the 
number  of  cuts  per  inch  (1  divided  by  feed 
rate)  multiplied  by  Ihe  severance  energy  per 
cut  shown  by  curve  B  of  Fig.  10.  By  adding 
the  severance  energy  per  inch  of  saw  line  at 
different  feed  rates  to  curve  A  of  Fig.  11, 
total-energ}'  curve  B  can  be  plotted,  showing  a 
rapid  decrease  as  the  feed  per  tooth  increases. 
By  sharpening  the  tooth  to  the  sharpness  indi¬ 
cated  by  curve  A  of  Fig.  10,  curve  B  of  Fig.  11 
would  be  lowered  to  that  of  curve  C. 
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Fig.  11. — Chip  loosening,  break-up,  and  removal 
require  a  uniform  amount  of  energy  per  inch  of  saw¬ 
line  (A),  but  fiber  severance  raises  the  total  energy 
required  per  inch  of  sawline  ^B)  to  high  values  at 
slow  feeds  because  more  cuts  per  inch  are  made. 
Sharper  teeth  will  reduce  the  total  energy  to  (C), 
but  the  finer  feeds  will  still  require  the  greater 
energy. 

It  is  quite  obvious  from  curves  B  and  C  of 
Fig.  11  that  a  heavy  cut  per  tooth  is  desirable 
to  do  the  most  sawing  with  whatever  power  is 
available.  From  the  standpoint  of  power  alone, 
sharpness  is  of  little  importance  in  heavy  cuts, 
but  it  plays  the  major  role  when  feed  rates 
are  light. 

Exploitation  of  the  power  savings  of  hea\y 
feeds  is,  of  course,  subject  to  limitation  by  gul¬ 
let  capacity  and  the  possible  overheating  of  the 
saw,  if  not  water-cooled.  Lack  of  sharpness 
when  making  heavy  cuts  cannot  be  ignored,  be¬ 
cause  of  resultant  overheating  and  inaccuracies 
in  cutting. 

The  four-way  breakdown  of  energy  distribu¬ 
tion  in  a  cut  actually  is  not  restricted  at  all 
times  to  the  material  that  forms  each  separate 
chip.  Some  of  the  earlier  dynamometer  tests 


showed  practically  identical  readings  for  suc¬ 
cessive  equal  cuts,  yet  other  tests  resulted  in 
wide  variation  in  readings.  A  peculiarity  no¬ 
ticed  was  that  the  varying  readings  did  not  tend 
to  center  around  an  average  value.  Instead, 
close  inspection  revealed  that  the  readings  con¬ 
sisted  of  two  sets  of  values,  one  high  and  the 
other  low.  When  these  readings  were  plotted 
in  the  sequence  in  which  they  were  obtained, 
the  resulting  graph  showed  an  alternation  from 
high  to  low  to  high,  and  so  on,  as  shown  at  A 
in  Fig.  12.  These  alternating  series  of  readings 
usually  occurred  with  heavy  feeds,  and  it  was 
suspected  that  tooth  dullness  would  cause  the 
tooth  to  tend  to  ride  up  over  the  wood  and 
take  a  thin  cut,  followed  by  an  extra-heavy  cut 
because  the  tooth  could  not  ride  over  the  wood 
and  had  to  take  its  ordained  cut  plus  that  left 
over  from  the  preceding  thin  cut. 
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Fig.  12. — The  cut  made  by  one  sawtooth  may  have 
an  influence  on  the  amount  of  energy  required  by  the 
following  tooth.  High  and  low  energies  may  alternate 
uniformly  (curve  A),  or  may  follow  several  cyclical 
patterns  (curves  £  to  £),  depending  on  the  kind  and 
condition  of  wood,  tooth  form  and  sharpness,  and 
feed  rate. 
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To  test  this  theory,  a  factory-fresh  tooth  was 
used  to  make  cuts  at  two  feed  rates,  one  light 
and  one  heavy,  then  sharpened  to  a  mirror  fin¬ 
ish  and  used  to  make  a  similar  series  of  cuts. 
With  the  light  feed  rates,  the  dynamometer 
readings  were  very  uniform  for  the  sharpened 
tooth,  but  alternated  between  high  and  low 
values  for  the  factory-fresh  tooth,  confirming 
the  theory  thus  far.  But,  surprisingly,  when  the 
heavy-feed  values  were  plotted,  the  situation 
was  reversed;  the  sharp  tooth  gave  the  alternat¬ 
ing  high  and  low  values;  the  unsharpened  tooth 
gave  the  uniform  values. 

The  correct  explanation  for  the  alternation 
of  energy  consujTiption  values  was  eventually 
traced  to  a  distribution  of  the  saw-tooth  energy 
to  parts  of  the  wood  outside  of  the  immediate 
cutting  zone  represented  by  the  chip.  The  face 
of  the  tooth  acts  as  a  wedge  to  shear  the  chip 
from  the  sides  of  the  kerf,  which  is  desirable, 
and  at  the  same  time  it  causes  thick  chips  to 
shear  crosswise  of  the  cut,  which  is  undesirable 
from  an  energy-consuming  standpoint  but  nec¬ 
essary  to  permit  the  chips  to  enter  and  fill  the 
gullet. 

All  the  force  exerted  on  the  chip  by  the  face 
of  the  tooth  is  not,  however,  applied  wholly  in 
the  direction  of  the  chip  shear  planes,  (direc¬ 
tion  A,  Fig.  13).  Part  is  exerted  in  the  direc¬ 
tion  B  (Fig.  13),  thereby  putting  a  compressive 
force  on  the  end  of  the  chip  in  the  vicinity  of 
the  cutting  edge.  The  area  of  arrows  suggests 
the  general  area  that  might  be  subjected  to  com¬ 
pression  in  this  way.  If  great  enough,  this  pres¬ 
sure  may  cause  the  wood  to  split  at  or  a  trifle 
ahead  of  the  cutting  edge,  in  the  vertical  direc¬ 
tion,  as  at  C,  oc  along  the  sides  of  the  chip 
above  and  below  the  cutting  line,  as  at  D  in 
the  top  view.  The  splitting  along  the  side 
causes  a  rough  surface  on  the  board.  The  split¬ 
ting  beyond  the  cutting  line  consumes  extra 
energy  on  this  cut,  and  the  dynamometer  so  in¬ 
dicates.  If  the  next  cut  occurs  along  the  line  E 
in  Fig.  13,  much  of  the  chip  break-up  and  side¬ 
loosening  has  already  been  done  by  the  preced¬ 
ing  cut,  reducing  the  dynamometer  measure¬ 
ment  by  the  amount  of  energy  previously  ex¬ 
pended  on  the  chip.  On  the  next  cut,  at  F  in 
Fig.  13,  the  conditions  of  the  first  cut  are  re¬ 
peated  and  extra  energy  is  expended  in  again 
producing  the  split  condition  of  the  second  cut. 
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SECTION  THROUGH  S-S 


Fig.  13. — Force  applied  to  wood  by  sloping  front 
or  face  of  sawtooth  has  radially  acting  component  A, 
which  removes  the  chip,  and  tangentially  acting  com¬ 
ponent  B,  which  produces  the  pressure  indicated  by 
arrows  in  both  top  and  side  views.  This  pressure  may 
produce  small  splits  (D)  along  the  kerf  walls, 
slightly  ahead  of  the  cutting  edge,  but  more  severe 
splits  (C)  may  extend  as  much  as  *4  inch  ahead  of 
sawtooth  cutting  path.  The  energy  required  by  the 
following  tooth  depends  on  whether  cutting  line  is 
at  E,  F,  or  G. 

The  exact  repetition  of  high  and  low  energy 
values  will  result  when  the  depth  of  the  ad¬ 
vance  splitting  equals  the  depth  of  the  next  cut. 
If  the  following  ait  occurs  at  E  of  Fig.  13,  the 
pre-split  portion  will  be  cut  off  without  causing 
splitting  beyond  the  cutting  line,  thus  leaving 
the  wood  for  the  third  cut  in  the  same  condi¬ 
tion  as  that  for  the  first.  If  the  second  cut  is  at 
F,  the  tooth  will  be  cutting  in  unsplit  wood 
and  will  cause  pre-splitting  in  the  same  manner 
as  the  first  cut.  After  the  first  cut,  the  energy 
consumed  will  be  uniform.  If  the  second  cut¬ 
ting  line  occurs  at  G,  the  energy  consumed  will 
be  low  because  of  the  advance  splitting,  and 
these  splits  may  or  may  not  be  lengthened  by 
the  second  cut.  The  energy  for  successive  cuts 
under  these  conditions  may  vary  in  a  systematic 
manner,  ranging  from  a  uniform  sinusoidal 
wave  form  (Fig.  12,  B  and  C,  12.5  mil  feed) 
through  a  modulated  wave  form  (Fig.  12,  C 
and  E,  75  mil  feed)  to  a  damped  wave  form 
(Fig.  12,  D,  75  mil  feed).  These  sequences  of 
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energy  consumption  per  cut  at  various  feed 
rates  are  not  unusual,  nor  is  the  reduced  varia¬ 
tion  at  a  heavier  feed,  shown  at  B  (Fig.  12) 
for  the  50  and  100  mil  feed  rates.  It  is  pos¬ 
sible  that  this  variability  in  load  on  successive 
teeth  may  start  the  vibrations  that  cause  wash¬ 
boarding,  but  no  tests  have  been  made  to  verify 
this  conjecture. 

The  splitting  at  the  bottom  and  sides  of  the 
cut  resulting  from  tooth  pressure  on  the  chips 
raises  the  question  of  how  that  pressure  is  dis¬ 
tributed  over  the  tooth  face.  To  find  out,  teeth 
were  coated  with  blue  layout  lacquer.  This  coat¬ 
ing  wore  off  at  the  high-pressure  areas  during 
test  cuts,  leaving  a  pattern  of  bare  steel,  as 
shown  in  Fig.  14  for  light  feeds.  This  pattern 
is  typical  for  swaged  teeth,  the  only  variation 
being  in  the  width  of  the  bare  area  adjacent  to 
the  cutting  edge.  For  heavy  feeds,  the  pressure 
area  might  widen  back  tc  the  broken  line  indi¬ 
cated  by  the  arrow,  with  no  appreciable  widen¬ 
ing  of  the  side  areas. 

The  lack  of  wear  or  pressure  on  the  central 
part  of  the  tooth  face  is  sometimes  shown  by 
crosswise  curvature  of  the  chip,  showing  that  it 


by  the  arrow. 


has  bowed  out  over  the  center  of  the  tooth  due 
to  tooth  pressure  and  the  shear  and  frictional 
resistance  of  the  sides  of  the  cut.  This  bowing 
of  the  chip  causes  higher  pressures  on  the  walls 
of  the  cut,  and  requires  additional  energy.  This 
can  be  shown  by  cutting  narrow  strips  of  wood 
that  are  various  fractions  of  the  width  of  the 
tooth;  when  energy  consumed  is  plotted  over 
width  of  cut,  a  sloping  straight  line  is  obtained. 
By  next  varying  the  portion  of  the  tooth  used, 
but  having  one  corner  cutting,  a  second  graph 
can  be  developed  parallel  to  but  somewhat 
higher  than  the  first.  This  constant  increase  is 
due  to  side  shear  along  the  working  side  of  the 
tooth.  If  the  tooth  is  cutting  full  width,  with 
both  sides  working,  another  increase  equal  to 
the  first  could  be  expected.  Actually,  an  in¬ 
crease  is  obtained,  but  it  is  considerably  greater 
than  that  which  would  be  expected  from  the 
additional  side  shear,  indicating  that  the  chip 
fits  tightly  in  the  kerf,  and  is  possibly  arched, 
requiring  considerable  energy  to  move. 

Can  Saws  Be  Improved? 

With  complete  knowledge  of  the  behavior  of 
wood  during  any  type  of  cutting  and  of  the 
mechanical  and  thermal  stresses  placed  on  cut¬ 
ting  tools,  it  should  be  possible  to  devise  a  saw 
that  would  incorporate  the  most  desirable  fea¬ 
tures  of  operating  conditions,  saw  materials, 
and  saw  design  to  the  highest  degree  for  a  given 
type  of  sawing  operation.  Any  attempt  to  de¬ 
sign  the  ultimate  saw  on  the  basis  of  present 
knowledge  would  be  premature,  but  certain 
facts  already  established  might  lead  to  some 
improvement. 

Duo-Kerf  Rip  Saw 

The  action  of  the  chip  during  formation  and 
removal  from  the  saw  kerf  offers  an  important 
lead  to  improvement.  In  breaking  the  sides  of 
the  chip  free  from  the  walls  of  the  cut,  sloping 
grain  will  cause  the  shear  plane  to  run  into  the 
stock  on  one  side  of  the  cut,  causing  some  fibers 
to  buckle  and  break  off  or  be  torn  out  of  the 
kerf  surfaces.  This  tearing  makes  the  surface 
appreciably  rougher,  requiring  heavier  dressing 
later  to  produce  a  smooth  board.  The  tight  fit 
of  the  chip  between  the  rough  kerf  walls  re¬ 
quires  power  to  remove  the  chip  from  the  kerf. 
One  modification  of  the  sawing  action  can  get 
rid  of  most  of  these  two  objectionable  chip 
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Fig.  15. — Comparison  of  cutting  by  conventional  and  Duo-Kerf  circular  sawteeth,  lower  surface  and  kerf 
produced  by  Duo-Kerf  bench  saw;  upper  surface  and  kerf  by  a  conventional  swaged-tooth  saw  of  same  gage 
and  diameter. 


actions.  When  this  modification  was  applied  to  very  little  set,  and  may  be  thinner  than  the  saw 
a  l4-inch,  13-gage  bench  saw,  the  smooth  sur-  plate,  as  suggested  by  the  broken-line  face  view, 
face  and  thin  kerf  shown  by  the  lower  half  of  The  side-dresser  tooth  is  wider  than  the  thick- 
the  specimen  in  Fig.  15  resulted.  The  upper  ness  of  the  saw  plate  by  the  amount  of  side 
half  was  cut  with  a  standard  saw  of  the  same  clearance  required,  which  is  less  than  usual  be- 

diameter  and  gage.  cause  of  kerf  smoothness.  The  side-dresser  tooth 

The  modification  is  simple.  All  that  is  nec-  preferably  has  parallel  sides  and  a  concave  face, 

essary  is  to  widen  the  initial  kerf  as  soon  as  although  a  flat  face  may  be  used.  When  the 

possible  after  it  is  started,  in  order  to  permit  radius  (r.  Fig.  16)  of  this  face  equals  the  face 

free  movement  of  the  chip  after  release  and  to  width  k(,  the  angle  at  the  cutting  edges  will  be 

provide  a  zone  into  which  sloping  grain  can  60°;  a  smaller  radius  will  give  a  sharper  edge, 
run  without  extending  into  the  uncut  fibers  of  The  drop  (</,  Fig.  16)  of  the  side  dresser 
the  stock.  Now,  at  first  glance,  "kerf  widening”  should  be  slightly,  but  only  slightly,  more  than 
does  not  seem  to  conform  with  a  desire  to  re-  the  maximum  feed  per  chipper  tooth,  and  the 
duce  scrap,  but  the  term  is  used  only  in  a  rela-  length  of  the  side-dresser  edges  and  the  thinned 

tive  sense.  The  "widened”  kerf  need  never  be  portion  of  the  chipper  tooth  must  be  equal  to 

wider  than  that  of  any  saw  that  would  be  re-  or  more  than  The  hook  angle  of  the  side 

placed;  in  general,  it  will  be  appreciably  less.  dresser  may  vary  from  any  reasonable  positive 

Obviously,  to  permit  widening  the  initial  kerf  hook  to  as  much  as  30°  negative  hook  without 

without  increasing  over-all  kerf  requirements,  change  in  power  consumption.  Beyond  this 

the  initial  kerf  must  be  thin.  limit  the  fibers  are  not  completely  detached  by 

The  application  of  the  double  or  "Duo-Kerf”  the  side  dressers.  As  a  result,  these  partly  de¬ 
system  developed  at  the  Laboratory  to  a  circular  tached  fibers  restrict  the  movement  of  the 

saw  is  shown  in  generalized  form  for  a  swage-  chipper-tooth  chips,  and  add  to  the  sawdust  to 

set  saw  in  the  lower  part  of  Fig.  16.  Narrow  be  carried  out  by  the  chipper  teeth. 

"chipper”  teeth  alternate  with  "side-dresser”  The  volume  of  sawdust  removed  by  each  type 
teeth  that  are  wider  and  lower.  The  chipper  of  tooth  will  depend  on  the  two  kerf  widths 

tooth  can  be  an  ordinary  swaged  tooth,  with  used.  Equal  tooth  spacing  and  gullet  profile 
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Fig.  16. — ^Design  and  cutting  action  of  Duo-Kert  ripsaw.  Chipper  teeth  (Ch)  and  side-dresser  teeth  (SD) 
may  have  like  or  unlike  gullets,  as  indicated  by  solid  and  broken-line  profiles  in  lower  sketch.  Side-dresser 
teeth  have  parallel  sides  and  concave  face,  and  are  lower  than  chipper  teeth  by  d,  which  is  related  to  feed 
rate.  Upper  left,  material  removed  in  sequence  of  cutting  actions  by  chipper  and  side-dresser  teeth.  Upper 
right,  chipper-tooth  chip  lifted  partly  from  initial  kerf  (ki)  after  being  sheared  from  kerf  walls  in  wood  with 
sloping  grain.  Note  that  run-out  of  grain  at  right  side  of  chip  ended  in  bottom  of  final  kerf  (kt)  instead  of 
tearing  into  kerf  wall. 


area  may  be  used,  but  for  greatest  efficiency 
they  should  be  suitably  adjusted,  as  indicated 
by  the  broken-line  profile  shown.  Initial  kerfs 
ranging  from  about  90  percent  down  to  60  per¬ 
cent  of  the  final  kerf  have  been  used.  For  a 
ratio  of  80  percent,  the  chipper  teeth  remove  80 
percent  of  the  sawdust  and  the  side  dressers 
remove  the  remaining  20  percent;  therefore,  the 
chipper-tooth  gullet  should  have  a  profile  area 
80/20,  or  four  times,  the  side-dresser  gullet 
profile  area. 


The  sequence  of  chip  removal  presented  in 
Fig.  16  shows  in  solid  black  the  portions  of 
kerf  that  are  removed  by  successive  teeth.  The 
first  chipper  tooth  starts  the  cut  with  a  chip  k| 
wide.  Next,  the  first  side-dresser  tooth  cuts 
material  from  both  sides  of  the  kerf  to  a  width 
of  kf,  and  to  a  depth  slightly  short  of  the  bot¬ 
tom  of  the  first  chipper-tooth  cut.  Following 
this  kerf  widening,  the  second  chipper  tooth  ad¬ 
vances  the  narrow  kerf,  ejecting  the  sawdust 
into  the  widened  kerf  behind  it.  The  second 
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side-dresser  tooth  then  widens  most  of  this  new 
chipper  kerf  along  with  the  remnant  left  by  the 
first  side-dresser,  preparing  the  kerf  for  easy 
removal  of  the  chip  produced  by  the  third 
chipper  tooth. 

When  the  cutting  direction  is  not  parallel  to 
the  fiber  direction,  one  of  the  sheared  sides  of 
the  chipper-tooth  chip  will  tend  to  run  into  the 
stock,  but,  as  shown  in  the  upper  right  sketch  of 
Fig.  16,  the  shear  plane  forming  the  right  side 
of  the  newly  cut  chip,  C,  runs  out  in  the  bottom 
of  the  wider  kerf  instead  of  tearing  into  the 
kerf  surface,  thus  avoiding  unnecessary  power 
consumption  and  surface  marring. 

Other  Applications  of  Duo-Kerf 

Application  of  Duo-Kerf  principles  is  not 
limited  to  solid-tooth  circular  saws.  Inserted- 
tooth  circular  saws  may  be  adapted  to  Duo-Kerf 
operation  in  several  ways.  Simplest,  though 
least  effective  in  power  saving  or  surface  im¬ 
provement,  would  be  the  use  of  standard  full- 
length  (new)  teeth  of,  say,  ^-inch  width  in 
alternate  sockets,  and  of  ^-inch  standard  teeth 
shortened  as  much  as  possible,  in  the  remaining 
sockets.  The  normal  rough  surface  would  be 
obtained,  but  better  surfaces  would  be  obtained 
by  converting  the  short  teeth  to  the  side-dresser 
form.  It  would  not  be  difficult,  of  course,  to 
manufacture  properly  proportioned  insert  bits 
in  the  two  styles  needed.  Since  side-dresser  gul¬ 
lets  need  hot  be  so  large  as  chipper-tooth  gul¬ 
lets,  more  pairs  of  teeth  could  be  put  into  new 
saws  by  providing  alternate  large  and  small 
sockets,  the  smaller  ones  being  positioned  nearer 
the  saw  center  to  give  the  drop  (d.  Fig.  16) 
required  for  higher  feed  rates.  This  change 
would  not,  of  course,  be  required  in  band  saws. 

As  with  solid-tooth  circular  saws,  Duo-Kerf 
could  be  applied  to  any  band  saw  of  sufficient 
thickness  to  be  swage-set.  Blades  too  thin  for 
swaging  could  be  fitted  by  leaving  the  chipper 
teeth  without  set  and  spring-setting  the  side- 
dressers  for  a  distance  slightly  greater  than  the 
drop  (</,  Fig.  16).  As  a  possible  alternative, 
each  tooth  could  be  made  into  a  combined 
chipper  and  side  dresser  by  leaving  the  point 
without  set  for  a  short  distance,  and  setting  the 
lower  part  of  alternate  teeth  to  one  side  and  of 
the  remaining  teeth  to  the  opposite  side.  The 
set  portion  of  the  tooth  would,  of  course,  be 
parallel  to  the  width  of  the  blade. 
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What  Duo-Kerf  Offers 

Duo-Kerf,  when  cutting  the  same  kerf  as  a 
conventional  circular  headsaw,  uses  20  to  25 
percent  less  power  because  of  the  lessened  re¬ 
sistance  to  chip  removal.  This  means  that  a 
higher  production  rate  can  be  gotten  without 
increasing  the  saw  stresses  or  causing  less  accu¬ 
rate  sawing.  The  many  underpowered  mills  in 
the  industry  could  thus  benefit  without  change 
in  power  plant.  If  a  mill  elects  to  retain  its 
present  production  rate,  the  decreased  power 
requirements  would  give  a  more  lightly  stressed 
saw,  equivalent  to  a  .stiffer  saw  that  would  cut 
with  greater  accuracy. 

Any  gain  in  accuracy  increases  the  premium 
offered  by  the  smooth  surface  of  Duo-Kerf  in 
reducing  the  dressing  allowance  necessary  for 
finish  lumber,  thus  increasing  yields,  decreasing 
drying  costs,  giving  less  work  to  the  planer, 
and  reducing  the  shavings-disposal  problem.  A 
saving  of  even  ^  inch  in  dressing  allowance 
amounts  to  nearly  4  percent  of  4/4  finish  lum¬ 
ber.  Even  rough  lumber  can  benefit  from  an 
improved  surface  through  increased  market  ac¬ 
ceptability.  On  box  slats  intended  to  carry 
printing,  a  smooth  surface  would  eliminate  the 
material  and  labor  lost  in  dressing  those  slats. 

These  gains  from  Duo-Kerf  can  be  further 
amplified.  The  smooth  surface  makes  possible 
a  reduction  in  side  clearance.  Reduced  side 
clearance  means  less  kerf,  therefore  less  saw 
stress  and  greater  saw  steadiness  with  the  same 
saw  plate.  The  interlocking  combination  of  re¬ 
duced  power,  increased  accuracy,  and  thinner 
saws  can  be  resolved  in  favor  of  any  one  bene¬ 
fit,  as  individual  needs  dictate. 

What  Will  Duo-Kerf  Cost? 

It  would  not  be  reasonable  to  expect  large 
profits  to  start  rolling  in  because  of  a  switch  to 
Duo-Kerf  teeth  without  some  stimulating  in¬ 
vestment.  Money,  however,  is  not  the  primary 
stimulant  needed.  The  necessary  stimulant — 
one  that  must  be  fostered  by  the  lumber  in¬ 
dustry  itself — is  an  acceptance  of  the  fact  that 
precision  products  result  only  from  careful  use 
of  good  tools  and  a  determination  to  make  the 
new  method  deliver  the  goods. 

Bugs  undoubtedly  will  develop  in  the  Duo- 
Kerf  system  as  practical  tests  are  made.  If  spe¬ 
cial  tools,  materials,  or  methods  are  needed  to 
overcome  a  lack,  there  should  be  no  hesitation 
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about  employing  them.  The  secondary  wood¬ 
using  industries  do  not  balk  at  providing  tool 
rooms  that  can  handle  with  precision  the  special 
jobs  imposed  by  formed  cutters,  high-speed 
precision  machines,  glue-line  abrasion,  and  spe¬ 
cial  gluing  and  forming  technics,  because  they 
pay  off.  The  primary  wood-using  industries  can¬ 
not  afford  to  do  less,  for  better  sawing  requires 
better  tools  and  better  care. 

It  is  not  likely,  however,  that  Duo-Kerf  will 
require  excessive  servicing  or  elaborate  equip¬ 
ment.  The  saw  that  ait  the  surfaces  shown  in 
Fig.  14  was  not  fitted  by  an  expert,  and  the 
only  pieces  of  equipment  used  were  a  flat  file, 
hammer,  cold  chisel,  and  hand  electric  grinder, 
plus  a  few  carriage  bolts,  a  dowel,  and  a  piece 
of  plywood  for  a  crude  jig.  Simple  tools,  care¬ 
fully  used,  probably  will  be  adequate  for  servic¬ 
ing.  It  will  be  possible  to  slap  a  set  of  alter¬ 
nating  new  ^-inch  bits  and  old  (short) 
^-inch  bits  into  an  inserted-tooth  blade,  hang 
the  saw  on  a  bent  spindle  against  a  dirty, 
burred-up  collar,  and  still  save  perhaps  10  to  15 
percent  on  power,  but  the  full  benefits  of  Duo- 
Kerf  will  come  when  it  is  fitted  and  used  for 
precision  sawing.  The  mounting  of  saws  on 
taper-bored  sleeves  that  are  removable  as  a  unit 
from  tapered  arbors  may  permit  the  tool  room 
to  do  a  really  effective  job  of  saw  fitting  with¬ 
out  increasing  down  time  of  the  machines. 
Other  effective  procedures  can  be  developed  by 
the  industry. 

How  Industry  Can  Help 
To  Develop  Duo-Kerf 

No  one  segment  of  the  wood-using  and 
woodworking  equipment  industries  can  make 
Duo-Kerf ,  fully  effective.  Saw  manufacturers 


and  makers  of  saw-fitting  machines  eventually 
will  have  to  provide  the  necessary  blades, 
swages,  and  grinders.  In  the  meantime,  saw 
users  could  modify  their  present  band  and 
solid-tooth  saws  along  the  E>uo-Kerf  line  with 
some  immediate  gains,  which  will  increase  as 
gullets  are  gradually  altered  to  the  desired  pro¬ 
portions.  Users  of  inserted-tooth  saws  may,  if 
their  feed  rates  are  not  too  high,  use  standard 
inserted-tooth  bits  suitably  modified,  if  they  will 
use  care  in  inserting  .xnd  adjusting  the  bits  and 
holders.  Redesigned  bits  could  be  provided 
readily,  but  gullet  changes,  such  as  alternation 
of  No.  4  and  No.  2^  styles,  would  call  for 
factory  alteration  of  existing  saws  or  incorpora¬ 
tion  in  new  saws.  Bench  saws  would,  of  course, 
be  the  most  readily  changed  to  Duo-Kerf. 

The  exact  changes  needed — the  ratio  of  ini¬ 
tial  to  final  kerf,  and  the  side-dresser  hook 
angle — may  have  to  be  determined  on  a  com¬ 
mercial  operation  basis.  As  stated  before,  the 
power  savings  are  uniform  over  a  wide  range 
of  these  factors  and  for  markedly  different 
types  of  wood.  Smoothness  of  surface,  how¬ 
ever,  is  somewhat  dependent  on  the  ratio  of 
initial  to  final  kerf  for  some  woods,  and  much 
work  remains  to  be  done  on  this  phase. 

The  Forest  Products  Laboratory  has  done  the 
basic  work  needed  to  establish  the  Duo-Kerf 
system.  Some  exploratory  tests  on  commercial- 
type  equipment  have  been  made,  but  not  under 
conditions  of  sustained  production.  The  facili¬ 
ties  of  the  Laboratory  are  too  limited,  however, 
to  fully  explore  the  many  different  conditions 
existing  in  industrial  use,  and  it  is  earnestly 
hoped  that  industry  will  apply  its  own  resources 
to  some  of  the  practical  problems  involved. 


Discussion 

Mr.  D.  S.  Smith  (British  Columbia  Research 
Council) :  I  feel  that  Mr.  Reineke  should  be 
congratulated  for  a  very  able  paper.  He  has 
made  a  distinct  contribution  by  applying  the 
scientific  method  to  this  study  of  cutting  action 
in  wood. 

Mr.  Reineke:  The  problem  calls  for  work  by 
everyone. 

Mr.  H.  F.  Jefferson  (Nettleton  Timber  Co.): 
I  suggest  that  industry  get  into  this  research. 


Mr.  R.  T.  Titus  (Western  Forest  Industries 
Assn.) :  Do  you  have  data  on  band  mills  in 
relation  to  miscuts,  variation  in  sawing,  etc.? 

Mr.  Reineke:  Mr.  C.  J.  Telford  at  the  U.  S. 
Forest  Products  Laboratory  has  data  on  band 
mill  variations  in  board  thickness. 

Mr.  C.  B.  Madenwald  (Henry  Disston  & 
Sons,  Inc.):  Were  teeth  jointed  on  side?  We 
have  a  saw  in  use  for  15  years  with  modified 
teeth. 

Mr.  Reineke:  Uniform  side-dressers  are 
necessary  if  maximum  smoothness  is  desired. 
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but  are  not  necessary  to  obtain  power  reduction, 
as  on  head  saws.  Duo-kerf  has  been  applied  to 
circular  head  saws  with  insert  teeth.  We  plan 
to  try  it  on  bandsaws.  The  Disston  catalogs  I 
have  seen  show  no  equivalent  of  Duo-kerf,  but 
the  industry  probably  would  like  to  know 
where  and  when  such  saws  can  be  obtained. 

Mr.  R.  D.  Brooks  (Atkins  Saw  Co.) :  I  have 
investigated  patents.  The  eight-tooth  saw  was 
patented  in  1850  and  the  planer  saw  in  I860. 
Atkins  developed  it  again  20  years  ago.  Better 
equipment  in  general  helps  to  develop  specific 
equipment.  There  is  a  need  for  standardizing 
arbor  sizes.  Saw  manufacturers  are  working  on 
these  problems,  but  consumers  must  help. 

Mr.  Reineke:  These  early  patents  covered  the 
combination  of  two  or  more  radial  cutting 
edges  or  planer  teeth  attached  to,  or  integral 


with,  a  spring  set  saw,  with  alternate  cutting 
edges  disposed  to  cut  on  opposite  sides  of  the 
kerf.  Because  each  planer  knife  or  tooth  cut  on 
one  side  only,  only  a  few  pairs  of  such  teeth 
were  used  and  each  had  relatively  long  cutting 
edges  and  were  set  very  low  in  the  saw.  As  a 
result,  the  initial  kerf  was  fairly  long  and  much 
of  the  advantage  of  ejecting  sawdust  immedi¬ 
ately  into  a  wider  kerf  was  lost.  Also,  normal 
set  was  carried  because  of  the  long  initial  kerf, 
and  the  planer  teeth  or  knives  increased  the 
kerf  beyond  the  normal  kerf  for  the  gauge  of 
saw  used.  Thus  the  overall  kerf  and  the  strain 
on  the  saw  plate  was  increased,  not  decreased. 
In  addition,  the  planer  tooth  shavings  were  not 
directed  into  a  gullet,  and  could  jam  between 
the  planer  tooth  bevel  and  opposite  kerf  wall, 
or  the  shavings  could  follow  the  tooth  bevel 
and  enter  between  the  saw  and  kerf  wall. 
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Lumber  Research  to  Meet  Modern  Competition 

Frank  J.  Hanrahan 

Chief  Engineer,  National  Lumber  Manufacturers  Association,  Washington,  D.  C. 

The  trend  toward  decreasing  lumber  markets  is  reviewed.  How  other  industries  exranded  their  markets 
is  pointed  out.  A  solution  for  the  lumber  and  wood  produas  industry’s  problem  is  suggested. 


Introduction 

E  HAVE  been  hearing  much  fancy 
talk  about  research.  Before  getting  ex¬ 
cited  about  "Lumber  Research  to  Meet 
Modern  Competition”,  as  good  businessmen  we 
should  examine  our  lumber  markets  and  their 
trends  to  determine  if  there  is  really  any  need 
to  take  additional  steps  to  retain  or  enlarge  our 
markets  for  lumber.  Some  of  your  grandfathers 
spent  no  money  for  research,  ljut  still  were  suc¬ 
cessful  lumbermen.  There  is  a  good  lumber 
market  today.  Everybody  knows  what  lumber 
is  and  has  been  using  it  for  almost  everything 
for  years  and  years.  Possibly  lumber  is  faring 
better  in  competition  with  other  materials  than 
is  commonly  realized.  Nevertheless,  it  is  a  good 
idea  to  take  a  look  at  the  facts.  As  politicians 
say,  "Let  us  look  at  the  record”. 

Construction  Market 

Our  largest  lumber  market  is  construction, 
which,  in  recent  years,  has  taken  about  two- 
thirds  of  our  country’s  lumber  production  in 
one  form  or  another.  Most  of  this  lumber  goes 
into  building  construction,  particularly  dwell¬ 
ings  and  farm  buildings.  Consequently,  the  fig¬ 
ures  in  Table  1,  which  are  from  the  1940  U.  S. 
Census,  are  of  interest: 


Two-thirds  of  all  residential  structures  con¬ 
tained  single-family  dwelling  units,  and  one- 
third  contained  dwelling  units  for  more  than 
one  family.  Nearly  one-half  of  all  residential 
structures  were  urban  and  more  than  half  the 
urban  structures  contained  dwelling  units  for 
more  than  one  family.  That  was  the  picture  ten 
years  ago. 

The  overall  1940  picture  of  more  than  8 
out  of  10  structures  of  wood  is  not  bad.  How¬ 
ever,  lest  we  become  too  complacent,  let  us 
examine  the  figures  more  closely.  Also,  let  us 
look  at  what  is  being  built  today. 

It  doesn’t  seem  so  long  ago  that  we  heard 
that  9  out  of  10,  instead  of  8  out  of  10  resi¬ 
dential  structures  were  wood.  In  this  connec¬ 
tion  it  is  interesting  to  note  that  more  than 
half  of  the  residential  structures  of  the  1940 
census  were  more  than  25  years  old  ten  years 
ago.  Even  in  1940,  although  19  out  of  20  rural 
farm  residential  structures  were  wood,  only  7 
out  of  10  urban  structures  were  wood.  Fur¬ 
ther,  there  were  nearly  three  times  as  many 
urban  dwelling  units  as  farm  units,  ^th  in¬ 
creased  productivity  and  mechanical  efficiency, 
the  percentage  of  the  total  population  engaged 
in  farming  has  been  decreasing  and  the  per¬ 
centage  in  other  pursuits  increasing.  The  num- 


Table  1. — Residential  Structures  Classified  by  Type  of  Exterior  Material 


Material  Urban  Rural  Non-Farm  Rural  Farm  Total 

Percent  Percent  Percent  Percent 

Wood .  71.14  88.95  94.98  81.86 

Brick .  20.26  4.24  1.67  11.86 

Stucco .  6.39  3.20  .97  4.17 

Other .  2.22  3.61  2.38  2.62 

Total .  100.0  100.0  100.0  100.0 


Number  of  Structures .  13,962,000  7,381,000  7,417,000  28,769,000 


Number  of  Family  Units .  21,  616,  000  8,  067,  000  7,  642,  000  37,  326,  000 
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ber  of  new  dwelling  units  started  annually  in 
non-farm  areas  has  jumped  from  602,600  in 
1940  to  1,019,000  in  1949.  Dwelling  construc¬ 
tion  reflects  a  trend  toward  an  urban  market 
where  wood  is  less  popular.  In  other  words, 
the  1940  census  figures  are  far  less  assuring 
than  a  casual  glance  indicates. 

Let  us  see  what  is  being  built  today.  A  Fed¬ 
eral  Housing  Administration  annual  report 
shows  that  the  preponderant  exterior  materials 
for  new  single  family  buildings  insured  in  1946 
under  Section  203  by  FHA  were: 

Percent 


Wood  _  40.4 

Stucco  or  Cement  Block _  19.1 

Brick  or  Stone _  28.7 

Asbestos  Shingle _  9.4 

Other _ : _  0.3 

Shop  Prefabricated  Panels _  2.1 


Total  _ 100.0 


Comparing  the  4  out  of  10  of  wood  insured 
by  FHA  in  1949,  with  the  8  out  of  10  of  the 
1940  census  gives  us  a  rude  shock,  especially 
when  we  consider  that  the  single  family  dwell¬ 
ing  is  the  lumberman’s  meat.  Construction  prac¬ 
tices  have  changed. 

The  preceding  pertains  to  housing.  Let  us 
look  at  the  overall  picture  of  the  lumber  mar¬ 
ket.  Let  us  compare  overall  per  capita  consump¬ 
tion  of  lumber  with  non-farm  dwelling  units 
started  annually,  dollars  spent  annually  for  all 
new  construction  adjusted  to  1939  dollars,  and 
the  population,  to  get  some  rough  idea  of  the 
overall  trends: 


ber  markets  in  the  last  40  years,  what  do  you 
think  will  happen  in  the  next  40  years  if  lum¬ 
bermen  do  little  or  nothing  to  reverse  the 
trend  ? 

A  few  specific  examples  of  what  is  happen¬ 
ing  to  lumber  markets  might  be  illuminating. 

In  1909,  the  wood  shingle  production  was 
18,634,000  squares.  In  1947,  it  was  3,953,000 
squares,  even  though  the  number  of  dwelling 
units  built  nearly  doubled. 

In  three  years,  from  1946  to  1949,  wood 
caskets  dropped  from  1,158,000  to  996,000 
units,  whereas  metal  caskets  increased  from 
185,000  to  301,000  units.  Each  wood  casket 
uses  about  60  bd  .ft.  of  lumber,  and  each  out¬ 
side  box,  about  100  bd.  ft. 

Also,  in  the  last  thfee  years,  lumber  going 
into  boxing  and  crating  has  dropped  from  17.13 
percent  of  the  total  lumber  consumption  in 
1946  to  12.91  percent  in  1949. 

Forty  years  ago,  practically  all  desks  and 
office  equipment  were  of  wood.  Today,  only 
50  percent  of  the  desks  manufactured  are  of 
wood,  and  less  than  7  percent  of  the  filing  cabi¬ 
nets.  Yet  usually  executives  prefer  wood  for 
their  own  desks  when  they  can  afford  well 
made  wood  desks. 

Sheathing  has  been  an  old  reliable  market 
for  low-grade  lumber.  In  the  past,  such  lumber 
has  been  sold  on  the  basis  of  its  low  cost. 
According  to  recent  construction  cost  figures 
compiled  by  a  government  agency  from  its  con¬ 
tract  bids,  wood  wall  sheathing  costs  twice  as 


^ABLE  2. — Overall  per  Capita  Consumption  of  Lumber  and  Number  of  Non-Farm 
Dwellings  Started  Annually 


All  new  Construction 


Year 

Per  Capita 
Consumption 
(Bd.  rt.) 

Number  of  Non-farm 
dwelling  units  started 
(Thousands) 

Adjusted  to  Value  of 

1939  dollar 
(Billions  of  dollars) 

Population 

(Millions) 

1909 . 

.  477 

475 

7 

91 

1919 . 

.  324 

330 

5.4 

105 

1929 . 

.  274 

509 

9.3 

122 

1939 . . 

.  194 

515 

6.3 

131 

1949 _ _ 

.  224 

1,  019 

9.4 

149 

Judging  from  the  data,  construction  activity 
was  at  a  high  level  in  relation  to  the  population 
in  both  1909  and  1949.  The  1949  population 
was  more  than  one  and  one-half  times  that  of 
1909,  but  non-farm  dwelling  units  started  in 
1949  were  more  than  double  those  started  in 
1909.  Yet  the  1949  per  capita  consumption  of 
lumber  was  less  than  one-half  that  in  1909. 
Not  a  pretty  picture!  If  this  happened  to  lum- 


much  in  place  as  some  competing  materials. 
That  government  agency  considered  dropping 
wood  wall  sheathing  as  an  alternate  from  its 
specifications  because  the  contractors  would  not 
supply  wood  sheathing  at  the  same  price  as 
substitute  sheathing  materials. 

A  recent  report  states  that  metal  has  taken 
50  percent  of  the  wood  window  market,  and 
that  there  has  been  a  substantial  loss  to  metal 
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in  wood  frames,  storm  sash,  screens,  kitchen 
fixtures,  and  cabinets. 

Until  relatively  recently,  grain  storage  struc¬ 
tures  of  all  kinds  were  traditionally  of  wood. 
In  March  of  this  year,  the  G)mmodity  Credit 
Corporation  purchased  bins  totaling  85  million 
bushels  of  capacity  for  storing  surplus  grain. 
The  contracts  were  awarded  on  the  basis  of 
cost  per  bushel.  Only  three  and  one-half  per¬ 
cent  of  the  total  capacity  went  to  wood.  On  the 
basis  of  three  board  foot  per  bushel  of  capacity, 
the  lumber  industry  lost  to  competing  materials 
a  sale  for  a  quarter  of  a  billion  feet  of  lumber 
on  just  this  one  government  order. 

Other  Materials  and  Construction 

Some  other  materials  and  constructions  that 
are  making  inroads  on  lumber  markets  include; 
concrete  and  masonry  slabs  which  eliminate 
wood  joists  and  generally  wood  sub-floor  and 
finish  floor  in  both  one  and  multi-story  con¬ 
structions;  light  and  heavy  metal  and  concrete 
framing;  masonry  wall  construction;  asbestos, 
metal,  gypsum,  fiberboard  and  plywood  used  as 
exterior  and  interior  coverings;  steel  and  con¬ 
crete  bridges  on  railways  and  highways;  plastics 
in  radio  cabinets,  etc.;  paper  and  metal  in  the 
container  and  packaging  field;  metal  furniture; 
and  many  others. 

Comparison  of  Industries 

Looking  at  the  overall  lumber  markets  and  at 
practically  every  specific  lumber  use,  with  the 
exception  of  railroad  ties,  it  appears  that  lumber 
is  losing  ground  in  comparison  with  other  ma¬ 
terials.  Many  lumber  markets  have  disappeared 
entirely.  Others  are  going  rapidly.  In  some 
cases,  new  developments  have  only  made  a  dent 
as  yet.  Expanding  lumber  markets  are  rare. 

Why  is  lumber  losing  these  markets?  It  is 
generally  acknowledged  that  fundamentally 
wood  has  more  desirable  properties  for  most 
uses  than  any  other  material.  Could  the  funda¬ 
mental  cause  be  that  the  lumber  and  forest 
products  industries  have  done  comparatively 
little  to  retain  and  expand  their  markets,  where¬ 
as  competitors  have  done  much  to  obtain  these 
markets?  Could  it  be  that  our  industry  is  back¬ 
ward  in  its  viewpoints  and  consequently,  back¬ 
ward  industrially? 

Upon  investigation,  we  find  that  in  prac¬ 
tically  every  case  technical  advancement  and 


development  in  the  material  and  design  and  in 
reducing  the  cost  of  manufacture  and  use  were 
responsible  at  least  in  part  in  doing  the  trick. 
Most  of  these  markets  once  belonged  to  lumber 
in  which  there  has  been  relatively  little  tech¬ 
nical  development  over  the  years.  Truly,  times 
have  changed  from  the  horse  and  buggy  age  to 
the  technical  age. 

Examination  of  how  other  industries  with 
increasing  markets  went  about  taking  the  mar¬ 
ket  away  from  lumber  may  hint  at  a  solution 
for  the  lumber  industry. 

Aluminum  is  making  great  strides  today. 
Over  the  years,  aluminum  manufacturing  costs 
have  been  drastically  reduced  from  those  of  its 
early  years,  in  spite  of  increasing  labor  costs, 
the  enormous  consumption  of  power  required 
in  aluminum  manufacture,  taxes,  and  all  the 
other  things  which  lead  to  general  high  costs 
of  our  day.  Technically  trained  men  of  all 
kinds  were  employed  to  study  and  reduce  every 
element  of  cost  and  improve  the  products.  The 
record  indicates  how  successful  they  were.  This 
industry  not  only  foresaw,  but  was  prepared  for 
cessation  of  the  recent  war  bringing  a  drastic 
reduction  of  orders  and  a  greatly  expanded 
postwar  production  capacity.  One  aluminum 
company  alone  set  up  a  research  department  of 
more  than  3,000  technically  trained  men  of  all 
kinds  and  instructed  them  to  investigate  every 
possible  use  of  aluminum  and  to  develop  fully 
the  most  promising  markets.  Do  you  think  the 
expanding  postwar  aluminum  markets  were  due 
to  the  activities  of  these  technical  men,  or  to 
chance? 

At  every  turn  there  is  evidence  of  new  and 
extended  pulp  and  paper  markets.  When  one 
considers  the  relative  complexity  of  manufac¬ 
ture  of  the  two  products  originating  from  the 
same  raw  material,  is  there  not  something  cock¬ 
eyed  industrially  when  a  stick  for  an  all-day 
sucker  is  made  from  wound  paper  cheaper  than 
from  wood  dowels?  This  is  the  case  today. 
The  pulp  and  paper  industry  has  gone  all  out 
on  employing  many  highly  trained,  capable 
technical  men,  and,  most  important,  pays  top 
wages  to  draw  the  best  men.  Compared  with 
other  industries,  the  lumber  industry  employs 
very  few  technical  men.  Could  there  be  any 
relationship  between  these  facts? 

Concrete  is  used  much  more  widely  today 
than  years  ago.  It  is  far  more  highly  refined 
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today  than  years  ago,  thanks  to  extensive  re¬ 
search  and  technical  development.  The  smallest 
builder  in  the  remotest  point  of  the  United 
States  has  been  taught  to  manufacture  con¬ 
crete  on  the  site.  It  took  a  lot  of  technical  men 
to  do  that  alone.  Do  you  think  the  concrete 
and  aggregate  people  used  good  business  judg¬ 
ment  in  spending  money  on  research  and  tech¬ 
nical  development  to  expand  their  markets? 

And  so  it  goes  with  other  progressive  in¬ 
dustries. 

Is  it  not  significant  that  a  recent  impartial 
survey  of  the  background  of  the  presidents  of 
the  150  largest  corporations  of  this  country  re¬ 
vealed  that  those  in  the  largest  group,  one  out 
of  every  three  presidents,  is  a  graduate  engi¬ 
neer?  &ven  percent  were  graduates  of  com¬ 
merce  and  business  colleges  and  business  ad¬ 
ministration  courses.  Is  it  not  probable  that 
these  150  corporations  are  the  largest  in  the 
United  States  for  the  reason  that  the  engineer 
and  non-engineer  heads  of  these  organizations, 
all  of  which  employ  many  technical  men,  had 
an  appreciation  of  the  value  of,  and  encouraged 
research  and  technical  development? 

Need  Technical  Men 

It  would  appear  that  the  chief  reason  for 
slow  progress  in  the  lumber  industry  is  that 
enough  technical  men  are  not  in  the  industry, 
and  sufficient  support  and  encouragement  have 
not  been  given  by  top  executives  to  those  tech¬ 
nical  men  who  are  in  the  industry.  Only  top 
executives  can  correct  this  situation. 

Let  us  look  at  some  of  the  more  promising 
developments  in  lumber  and  lumber  markets. 

The  connector  system  of  lumber  construction 
has  saved  and  recovered  a  large  market  for 
lumber  that  otherwise  would  have  gone  to  com¬ 
peting  materials.  This  is  a  product  of  research 
and  technical  development. 

Glued  laminated  lumber  holds  forth  much 
promise  and  has  already  saved  or  recovered  a 
substantial  market  for  lumber.  This  also  is  a 
product  of  extensive  research  and  technical 
development. 

Composition  lumber-concrete  bridge  decks, 
another  product  of  research  and  technical  de¬ 
velopment,  appears  to  be  recovering  some  of 
the  highway  bridge  market.  One  Oregon  county 
alone  is  building  six  bridges  of  this  type  this 
summer. 


Stress-grades  of  lumber  have  been  established. 
This  has  brought  general  recognition  of  lumber 
as  a  true  engineering  material,  and  it  is  widely 
used  today  as  such.  A  substantial  market  for 
lumber  was  saved  here  by  research  and  tech¬ 
nical  development. 

Where  the  going  is  tough  competitively,  the 
most  effective  arguments  in  promoting  the  use 
of  lumber  are  facts  obtained  through  technical 
investigations. 

In  our  own  industry,  we  find  that  we  have 
been  most  successful  in  retaining  or  expanding 
the  lumber  markets  where  technical  men  have 
played  a  leading  part. 

The  cost  of  lumber  today  is  a  major  obstacle 
to  expanding  the  use  of  lumber  in  many  fields 
because  of  the  lower  cost  of  competing  mate¬ 
rials.  Is  it  any  wonder  that  lumber  costs  are 
high  when  one  considers  how  much  labor  is 
used  in  its  manufacture?  Also  in  its  use  and 
application  ? 

Isn’t  it  about  time  that  the  lumber  industry 
call  in  available  technical  experts  from  every 
field  to  review  thoroughly  its  current  practices 
and  develop  labor  saving,  more  efficient  machin¬ 
ery  and  manufacturing  operations,  and  processes 
with  the  objective  of  reducing  costs? 

Also,  isn’t  it  about  time  to  make  extensive 
technical  studies  of  how  well,  in  relation  to 
cost,  lumber  serves  the  user  in  various  applica¬ 
tions  and  to  find  ways  and  means  of  lowering 
the  cost  of  using  lumber  for  various  purposes? 

For  example,  tests  show  that  the  strongest 
piece  of  lumber  in  a  given  stress-grade  is  several 
times  as  strong  as  the  weakest  piece  in  the 
grade.  If,  through  technical  research,  some 
practical  means  of  segregating  the  higher 
strength  pieces  could  be  found,  the  working 
stresses  for  the  stronger  material  could  be  one 
and  one-half  or  two  times  as  high  as  those 
currently  used.  This  means  that  when  strength 
is  a  criterion,  only  two-thirds  or  one-half  as 
much  lumber  would  be  needed  to  do  a  given 
job.  What  impact  do  you  think  this  would 
have  on  construction  costs? 

For  some  uses,  stiffness  rather  than  strength 
of  lumber  is  the  principal  criterion.  If,  through 
technical  research,  a  practical  means  of  segre¬ 
gating  pieces  of  commercial  lumber  by  stiffness 
were  found,  much  of  the  lower  grade  material 
with  substantial  knots,  etc.,  could  be  used  for 
purposes  for  which  it  is  not  now  deemed  suit- 
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able.  Would  such  better  utilization  of  low- 
grade  material  reduce  lumber  construction  costs? 

Most  competing  sheathing  and  other  cover¬ 
ing  materials  are  thinner  than  lumber  and  are 
applied  in  fairly  large  sheets  both  of  which 
tend  to  give  cost-in-place  advantages  over  lum¬ 
ber  on  a  building.  Lumber  is  stronger  than 
most  of  the  competing  materials.  Technical  de¬ 
velopments  in  lumber  panels  along  lines  similar 
to  competing  materials  have  been  made.  Would 
it  not  be  in  order  to  study  the  suitability  of 
other  than  one-inch  boards  for  such  purposes? 

How  large  should  the  studs  for  a  house  be? 
Tests  show  that  wood  walls  have  many  times 
the  strength  normally  required.  Would  it  not 
be  well  to  investigate  technically  the  size  re¬ 
quired  and  then  find  economical  means  of 
manufacturing  and  marketing  the  size  required? 

There  are  any  number  of  similar  unsolved 
problems  that  bear  directly  on  lumber  markets. 

Other  industries  have  found  that  technical 
men  solve  industries’  problems  when  they  are 
given  sufficient  support  and  encouragement  by 
top  management. 


I  hope  that  I  do  not  appear  critical  of  wood 
as  such.  As  do  all  materials,  wood  has  some 
weak  points  for  certain  uses.  Certain  technical 
modifications  of  the  natural  characteristics  of 
wood  are  advantageous  for  certain  uses.  Never¬ 
theless,  the  natural  advantages  of  the  material 
are  so  many  and  so  great  that  there  always  will 
be  some  market  for  wood  and  lumber. 

Research  Essential 

The  thought  which  I  would  like  to  leave  with 
you  is  that  the  extent  of  the  future  lumber  mar¬ 
ket  will  depend  primarily  on  the  amount  of 
attention  given  to  research  and  technical  devel¬ 
opment  in  both  the  production  and  use  of 
lumber.  This  is  a  technical  age.  Is  not  any 
industry,  in  which  the  technical  man  does  not 
play  a  very  important  part,  automatically  be¬ 
hind  the  eight-ball?  And  isn’t  it  likely  to  stay 
there  so  long  as  this  condition  prevails?  If  a 
future  healthy  lumber  market  is  to  be  achieved, 
is  it  not  essential  that  research  and  technical 
development  in  the  use  of  lumber  be  accelerated 
and  expanded  to  meet  modern  competition? 


Discussion 

Mr.  Donald  R.  Dawson  (MaeWilkins,  Cole 
and  Weber) :  Are  not  publicity  and  advertising 
important  in  increasing  lumber  sales? 

Mr.  Hanrahan:  Very  important!  For  best  re¬ 
sults,  the  lumber  industry  must  continuously 
keep  the  merits  of  its  products  before  prospec¬ 
tive  buyers,  users,  and  the  general  public.  How¬ 
ever,  in  the  construction  and  industrial  fields 
where  the  bulk  of  our  lumber  is  used,  the  ciga¬ 
rette  or  toothpaste  type  of  advertising  and  pub¬ 
licity  is  not  very  effective.  Here  the  soundest 
publicity  is  based  on  provable  data  and  facts. 
A  technical  man  is  best  equipped  to  ferret  out 
and  develop  such  scientific  data  and  facts.  The 
publicity  man  is  best  equipped  to  dress  up  or 
dramatize  for  public  consumption  the  favorable 
data  or  facts  developed  by  the  technical  man. 
Hence,  both  technical  and  publicity  men  are 
needed  by  the  industry. 

Mr.  J.  D.  Snodgrass  (Oregon  State  College): 
What  avenues  for  research  and  product  devel¬ 
opment  are  open  to  the  industry? 

Mr.  Hanrahan:  The  approaches  are  practi¬ 
cally  unlimited.  Technical  personnel  and  facil¬ 


ities  for  assisting  industry  are  available  from 
lumber  associations  and  their  laboratories,  fed¬ 
eral  government  laboratories  such  as  the  U.  S. 
Forest  Products  Laboratory,  state  and  university 
laboratories,  commercial  laboratories,  consult¬ 
ants  and  specialists  of  all  kinds. 

Employment  of  technical  men  by  the  indi¬ 
vidual  company  is  likely  to  be  the  most  helpful 
of  all.  This  permits  the  technical  man  to  study 
at  first  hand  and  be  in  constant  touch  with  the 
technical  problems  peculiar  to  the  specific  oper¬ 
ation.  Also,  there  is  a  great  mass  of  helpful 
technical  data  lying  in  various  laboratories 
which  is  not  getting  into  application  for  lack 
of  technical  know-how  in  the  individual  plants. 
Although  it  may  take  some  time  for  a  technical 
man  to  get  acquainted  with  the  company’s  busi¬ 
ness  operations  and  technical  problems,  a  tech¬ 
nical  man  worth  his  salt  will  start  saving  his 
salary  several  times  over  in  a  relatively  short 
time.  His  technical  knowledge,  analytical 
approach,  and  new  viewpoints  will  pay  divi¬ 
dends  in  many  money-saving  ideas. 

Not  all  concerns  are  large  enough  to  employ 
many  kinds  of  technical  men  and  therefore  will 
have  to  concentrate  on  their  most  pressing 
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problem  or  problems.  If  the  problem  is  effi¬ 
ciency  in  mill  production,  get  an  industrial  or 
mechanical  engineer.  If  it  is  a  forest  manage¬ 
ment  problem,  get  a  forester.  If  it  is  sales  in 
the  construction  field,  get  a  sales  minded  archi¬ 
tect  or  civil  engineer  who  knows  the  industry 
you  are  trying  to  sell. 

Where  a  firm  is  too  small  to  employ  a  full 
time  technical  man,  the  owner  can  obtain 
assistance  by  contacting  technical  men  who 
specialize  in  the  field  of  his  problem,  either  as 
individual  consultants  or  as  a  member  of  an 
organization  which  has  a  staff  of  consultants. 
Your  lumber  associations  and  state  and  federal 
institutions  will  be  glad  to  advise  you  where 
you  can  obtain  the  technical  assistance  needed. 

Where  the  problem  is  of  joint  interest  to 
several  firms,  a  producing  region,  or  nationally, 
most  rapid  progress  can  be  made  by  the  pool¬ 
ing  of  efforts.  Your  lumber  associations  are  so 
organized  as  to  handle  such  joint  enterprises 
efficiently  within  their  own  laboratories,  or  by 
arrangements  with  other  organizations’  labora¬ 
tories  or  consultants. 

Mr.  Roy  M.  Carter  (North  Carolina  State 
College) :  I  am  glad  that  you  emphasized  the 
need  for  technical  men  in  the  industry.  North 
Carolina  State  is  training  men  but  there  is  need 
for  practical  training.  How  can  we  get  industry 
not  to  expect  too  much?  How  can  we  get  in¬ 
dustry  to  hire  more? 

Mr.  Hanrahan:  With  respect  to  your  second 
question,  it  is  up  to  the  technical  men  and 
others  who  believe  in  technical  men  to  con¬ 
vince  the  executives  of  the  industry  that  hiring 
technical  men  pays  dividends.  Specific  illustra¬ 
tions  of  contributions  made  by  technical  men 
measured  in  terms  of  dollars  of  profit  are  the 
most  convincing  arguments.  As  more  technical 
men  get  into  the  industries  and  prove  their 
worth,  more  will  be  employed.  Meetings  such 
as  this  focus  attention  on  the  problem  and,  at 
least  to  that  extent,  should  be  helpful. 

With  respect  to  your  first  question,  the 
schools  can  provide  only  the  basic  technical 
training  and  create  the  right  mental  attitudes 
and  viewpoints.  In  turn,  industry  must  provide 
the  technical  men  with  the  opportunity  to  get 
some  practical  experience  before  it  can  expect 
too  much.  Possibly  the  school  faculty  could  be 
helpful  by  discussing  with  both  the  employer 


and  the  student  being  hired  the  best  methods 
and  means  of  further  development  of  the  stu¬ 
dent  after  leaving  school. 

In  such  a  conference,  it  would  be  well  to  call 
the  attention  of  the  employer  to  the  fact  that, 
for  best  results,  the  company  needs  to  give  the 
new  technical  employee  an  opportunity  to  be¬ 
come  familiar  with  the  firm’s  overall  objectives 
and  methods  of  operation  as  well  as  with  the 
detail  of  the  work  to  which  he  is  to  be  assigned. 
Otherwise  the  new  man  is  not  in  the  best  posi¬ 
tion  to  steer  his  efforts  with  maximum  effec¬ 
tiveness  in  those  directions  which  are  in  accord 
with  his  employer’s  interests.  Also,  it  would  be 
well  to  point  out  that  with  the  enormous  rami¬ 
fications  of  technical  fields  today  no  technical 
man  can  be  expected  to  be  a  specialist  in  all 
technical  fields.  Too  often,  because  he  is  a  tech¬ 
nical  man,  the  employer  expects,  for  example, 
that  a  chemist  can  serve  effectively  as  an  engi¬ 
neer,  a  forester,  and  in  a  hundred  and  one 
occupations  for  which  he  was  not  trained.  Any 
such  expectations  are  doomed  to  bring  disap¬ 
pointment  and  dissatisfaction  with  the  technical 
man.  The  technical  man  may  do  a  credible  job 
in  many  fields  basically  related  to  that  field  for 
which  he  was  trained,  but  it  is  impossible  in 
this  technical  age  to  provide  any  one  man  with 
fundamental  training  in  the  whole  gamut  of 
current  technical  activities. 

Items  which  need  to  be  brought  emphatically 
to  the  attention  of  the  student  include:  (1) 
that,  although  an  employer  may  anticipate  that 
it  will  take  some  time  for  the  new  employee  to 
get  into  the  swing  of  things,  the  only  reason 
the  employer  is  hiring  the  technical  man  is  that 
the  employer  thinks  he  eventually  will  produce 
enough  to  pay  his  own  salary  and  a  profit  in 
addition.  No  employer  can  operate  for  long  at 
a  loss;  (2)  that  the  student  should  immediately 
set  about  getting  all  the  information  he  can 
which  will  be  helpful  in  his  future  work  and 
keep  continually  in  the  forefront  of  his  think¬ 
ing  that  the  objective  of  the  business  is  to  make 
a  profit;  and,  (3)  that  he  should  not  hesitate 
to  get  his  hands  dirty,  because  one  of  the 
quickest  and  best  ways  of  learning  is  by  doing, 
whereas  one  of  the  quickest  and  surest  methods 
of  courting  disfavor  with  his  employer  is  play¬ 
ing  at  being  an  executive  who  is  above  doing 
menial  work. 
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Mr.  H.  F.  Jefferson  (Nettleton  Timber  Com¬ 
pany)  :  To  what  extent  do  you  train  men  in 
exercising  imagination  ? 

Mr.  Carter:  One  method  we  use  to  stimulate 
thinking  and  imagination  is  the  open  book  type 
of  quiz.  That  is,  we  give  the  student  a  practical 
problem  and  let  him  use  material  from  any 
source  such  as  textbooks  to  aid  him  in  solving 
the  problem.  He  must  call  on  his  imagination 
for  the  practical  details  of  the  situation,  analyze 
the  problem  and  determine  what  controlling 
technical  principles  are  involved,  and  then, 
using  whatever  technical  data  he  thinks  helpful,  ■ 
present  the  best  practical  solution  he  can.  We 
also  use  the  laboratory  to  advantage  in  stimu¬ 
lating  his  imagination. 

Mr.  R.  M.  Melrose  (F.  S.  Harmon  Manufac¬ 
turing  Company) :  Would  Professor  Sigurd 
Johnson  care  to  discuss  his  technical  training  of 
college  graduates  for  production  supervision? 

Prof.  E.  Sigurd  Johnson  (North  Carolina 
State  College) :  North  Carolina  State  College 
will  turn  out  20  men  a  year  trained  for  furni¬ 
ture  production.  With  this  training,  they  should 
exert  important  influence  on  the  technical 
aspects  as  well  as  do  important  technical  work 
in  the  industry. 

Mr.  Melrose:  What  about  production  jobs 
covered  by  unions?  Do  you  have  a  union  prob¬ 
lem  in  getting  technically  trained  men  absorbed 
in  production  training  work? 

Mr.  Johnson:  This  is  not  a  problem  in  the 
Southeast. 

Mr.  Melrose:  This  is  a  big  problem  in  the 
woodworking  industry  in  the  Northwest  (and 
elsewhere. in  other  industries).  In  industries 
where  unions  are  well  entrenched,  all  produc¬ 
tion  jobs  are  jealously  preserved  for  union 
members^ — usually  in  accordance  with  seniority 
rights.  Any  attempt  to  bring  men  into  these 
positions  to  give  them  a  survey  of  the  work 
through  actual  experience  is  met  with  organ¬ 
ized  resistance.  Yet  the  biggest  gap  in  indus¬ 
trial  application  of  research  comes  between 
the  research  laboratory  and  actual  production 
work.  The  man  who  actually  has  the  job  of 
putting  into  action  the  new  technical  changes 
is  the  foreman;  and  if  the  foreman  is  not  tech¬ 
nically  minded,  the  new  developments  from 
research  will  be  resisted  from  the  start.  There¬ 


fore,  it  is  incumbent  on  management  and  labor 
to  develop  training  programs  whereby  techni¬ 
cally  trained  men  may  be  absorbed  in  produc¬ 
tion  as  potential  supervisors. 

Mr.  Jefferson:  Industry  and  unions  are  both 
working  on  this  "union”  problem  for  college 
graduates. 

Mr.  R.  C.  Fraunberger  (Philco  Gsrporation) : 
In  his  discussion  Mr.  Hanrahan  mentioned 
the  replacement  of  lumber  by  plastics  in  radio 
cabinets.  Also,  steel  has  been  introduced  and  is 
now  used  in  radio  cabinets.  Philco  has  a  steel 
television  cabinet,  as  well  as  plastic  and  wood 
cabinets,  in  its  new  1951  line. 

I  would  appreciate  having  Mr.  Hanrahan’s 
ideas  on  how  one  goes  about  undertaking  re¬ 
search  and  technical  development  so  as  to  make 
it  pay  for  itself. 

Mr.  Hanrahan:  Intelligent  thinking  and  care¬ 
ful  planning  in  advance  are  potent  ingredients 
of  successful  research  and  product  develop¬ 
ment.  Most  business  concerns  are  not  institu¬ 
tions  which  are  primarily  interested  in  research 
for  the  purpose  of  acquiring  new  information 
as  such.  They  look  upon  research  and  product 
development  as  a  means  for  improving  the 
health  of  their  business.  Consequently,  before 
undertaking  a  given  research  project,  manage¬ 
ment  should  make  up  its  mind  whether,  if  the 
findings  are  favorable,  it  will  be  willing  to  use 
or  apply  the  research  findings  from  the  project 
proposed.  For  example,  if  the  management  of 
a  lumber  concern  is  not  willing  to  extend  its 
operations  into  the  pulp  and  paper  field,  obvi¬ 
ously  research,  no  matter  how  interesting  or 
promising,  leading  to  pulp  and  paper  applica¬ 
tions  will  not  pay  its  way  because  the  benefits 
come  from  application  of  the  findings.  It  is 
important  that  company  research  projects  be 
consistent  with  the  policy  or  prospective  poli¬ 
cies  of  the  firm.  The  research  and  product  de¬ 
velopment  department  should  not  be  treated  as 
a  step-child.  It  should  be  considered  an  integral 
part  of  the  business  and  receive  the  same  atten¬ 
tion  from  management  as  other  departments. 

Initially,  a  few  of  the  most  promising  leads 
should  be  selected  for  investigation.  Then,  as 
the  research  progresses,  the  work  should  be  re¬ 
oriented  periodically  to  take  advantage  of  new 
promising  leads  as  they  develop.  For  best  re- 
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suits  it  is  essential  that  men  who  are  competent 
in  the  field  in  which  the  investigation  is  being 
conducted  either  supervise  or  do  the  research 
work.  Otherwise  faulty  or  unreliable  research 
findings  may  lead  to  many  headaches  such  as 
production  difficulties  and  costly  consumer  re¬ 
jections  when  the  findings  are  applied  in  pro¬ 
duction. 

Further,  the  businessman  should  realize  that 
the  mass  of  our  technical  findings  and  advance¬ 
ments  come  from  persistent,  intelligent  think¬ 
ing  and  hard  work — not  just  brainstorms — a 
fact  to  which  the  lives  of  our  great  inventors 
so  eloquently  testify.  Consequently,  periodic 
miracles  should  not  be  expected  of  any  research 
staff.  However,  over  a  period  of  time,  intelli¬ 
gent,  continuous  research  does  pay  off,  some¬ 
times  magnificently. 

Mr.  J.  Alfred  Hall  (Pacific  N.  W.  Forest 
Experiment  Station) :  I  think  Mr.  Hanrahan 
painted  a  picture  which  is  too  pessimistic  with 
regard  to  future  wood  markets.  There  are  many 
fields  in  which  wood  products  markets  have 
been  greatly  expanded  —  particularly  where 
wood  is  going  into  fibre  products. 

Mr.  Hanrahan:  I  agree  that  the  pulp  and 
paper  and  some  other  wood  products  groups 
have  done  an  excellent  job  in  advancing  their 
markets  through  technical  advancement.  My 
previous  comments  were  intended  to  apply  to 
the  lumber  market  only. 

Mr.  Fraunberger:  Lumbermen  have  been 
very  poor  merchandisers.  Grade  names  have  not 
had  public  appeal.  Such  terms  as  Common 
Shop,  Box,  etc.,  have  not  done  much  to  glamo¬ 
rize  lumber  and  help  sales.  Wood  substitutes 
have' done  a  good  merchandising  job.  Couldn’t 
changes  in  terminology  help  to  improve  our 
merchandising? 

Mr.  Hereford  Garland  (Michigan  College  of 
Mining  and  Technology) :  What  kind  of  tech¬ 
nical  men  does  the  industry  need? 

Mr.  F.  H.  Vogel  (Alabama  Polytechnic  In¬ 
stitute):  I  would  like  to  point  out  that  the 
Utilization  Division  of  Auburn’s  Forestry 


School  has  been  stressing  the  practical  aspects 
of  education  in  our  field.  We  use  a  text  only 
as  a  skeleton  background  on  which  to  build  a 
course.  Our  students  learn  to  operate  and  main¬ 
tain  all  the  usual  machinery  and  equipment 
concerned  with  work  in  utilization,  and  they 
have  to  think  to  pass  our  tests.  I  don’t  believe 
in  memorizing  data;  it  can  seldom  be  used  from 
memory,  anyway.  What  I  do  believe  in  teach¬ 
ing,  and  what  we  stress  at  Auburn,  is  how  to 
connect  various  known  fundamentals  in  order 
to  solve  new  problems. 

'The  kind  of  men  in  whom  the  industry  is 
interested  include  those  who  can  figure  out 
what  is  not  in  the  book  or  lecture  notes,  and 
that’s  what  we  are  now  striving  to  give  you. 
I  am  sure  that  we  are  not  alone  in  this  aim  in 
the  utilization  field. 

Mr.  Hanrahan:  Mr,  Jefferson  has  pointed  out 
that  imagination  is  very  important.  Professor 
Vogel  has  emphasized  that  it  is  essential  that 
a  technical  man  be  able  to  apply  his  scientific 
knowledge  to  new  problems  in  a  practical  way. 
I  concur  with  both  gentlemen.  In  addition  to 
these  attributes  and  the  character  qualifications 
always  sought,  I  suggest  that,  for  really  tech¬ 
nical  assignments,  the  employer  select  a  man 
who  is  technically  trained  or  experienced  in  the 
particular  field  of  endeavor  to  be  pursued.  I 
have  seen  some  very  unhappy  experiences 
where  a  technical  man  who  is  quite  competent 
in  one  field  has  endeavored  to  serve  as  a  tech¬ 
nical  man  in  another  field  in  which  he  was  not 
qualified.  I  have  in  mind  a  case  in  which  a  very 
capable  forester  and  recognized  authority  in  his 
field  with  a  doctor’s  degree  in  wood  technology 
was  assigned  to  and,  in  spite  of  his  best  efforts, 
fell  down  miserably  in  doing  wood  research 
and  forming  technical  design  recommendations 
in  the  field  of  structural  engineering  design. 
The  technology  of  any  of  our  major  technical 
fields  is  just  too  vast  and  complicated  for  any¬ 
one  to  master  thoroughly  in  a  short  time.  Such 
ill-advised  technical  assignments  or  undertak¬ 
ings  are  not  only  unproductive  and  likely  to 
prove  costly,  but  the  results  tend  to  destroy  the 
confidence  of  businessmen  in  all  technical  men. 


60 


1 


FOREST  PRODUCTS  RESEARCH  SOCIETY 


Hardwood  Log  Grading— A  Phase  of  Quality  Control 

C.  R.  Lockard 

Northeastern  Forest  Experiment  Station,  Philadelphia,  Pa. 


This  paper  points  out  that  the  variability  of  trees  and  the  diversity  of  use  requirements  indicate  the  need 
for  a  realmic  system  of  log  grading.  The  essential  requirements  of  such  grades  are  outlined,  as  well  as  some 
of  the  technical  difficulties  involved  in  their  formulation.  A  system  of  lurdwood  log  grades  is  discussed  in 
some  detail. 


Introduction 

ENRY  ADAMS  once  said  that  a  man’s 
education  should  start  with  his  grand¬ 
father.  Ideally,  quality  control  in  the 
wood-using  industries  should  follow  the  same 
principle,  to  the  end  that  genetics  would  play 
an  active  part  in  shaping  our  forest  resource. 
Less  ideally,  but  still  to  the  point,  our  current 
timber  crops  could  be  subjected  to  silvicultural 
measures  designed  to  yield  superior  trees.  Prac¬ 
tically  ‘  however,  today  quality  control  should 
and  can  start  with  the  mature  tree.  With  the 
wide  range  of  wood  qualities  in  our  present 
timber  supply,  quality  control  is  largely  a  mat¬ 
ter  of  selection.  It  is  generally  recognized  that, 
in  addition  to  the  full  quality  gamut  being 
present  in  many  stands,  the  average  level  is 
rapidly  lowering  and  the  variability  increasing. 
It  is  no  secret  that  like  a  good  man,  good  timber 
is  hard  to  find,  and  in  many  sections  this  lack 
has  created  serious  industrial  situations.  The 
seriousness  is  attested  by  the  high  prices  paid 
for  good  timber,  and  the  long  distances  over 
which  it  is  transported.  More  specific  are  the 
recent  National  Forest  Survey  statistics.  In  the 
State  of  Mississippi,  40  percent  of  the  saw  tim¬ 
ber  stands  were  found  to  contain  only  timber  of 
the  poorest  grade.  Of  the  State’s  total,  17  bil¬ 
lion  board  feet  of  hardwood  saw  timber,  11  bil¬ 
lion  or  65  percent  is  in  third  grade  logs.  In  the 
Ozark  section  of  Arkansas  the  situation  is 
worse,  for  the  first  and  second  grade  logs  make 
up  only  20  percent  of  the  present  saw  timber. 
TTiey  comprise  only  25  percent  of  the  7  billion 
board  feet  of  saw  timber  growing  in  western 
Tennessee.  In  Vermont,  one  of  our  best  north¬ 
ern  hardwood  states,  about  half  of  the  logs  are 
of  the  poorest  grade  and  only  25  percent  of  the 
highest. 


The  importance  of  the  timber  quality  deteri¬ 
oration  over  most  of  the  East  at  least,  has  been 
obscured  by  several  things.  One:  We  have  just 
been  through  a  long  war  period  when  normal 
quality  requirements  and  historical  value  rela¬ 
tionships  were  dislocated.  Two:  Over  the  years, 
we  have  been  gradually  adjusting  our  use  re¬ 
quirements  downward.  "Three:  We  have  been 
unable  to  obtain  an  adequate  measure  of  the 
situation  because  of  a  lack  of  a  generally  accept¬ 
able  techniques  for  measuring  impartially  and 
consistently,  the  basic  quality  level  of  our  stand¬ 
ing  timber  or  forest  yield. 

How  far  the  dropping  of  quality  standards 
can  or  should  go  is  problematical.  Certainly, 
it  is  one  way  out,  but  perhaps  not  an  altogether 
desirable  one.  New  manufacturing  and  conver¬ 
sion  techniques,  new  standards  of  value,  new 
consumer  acceptances,  different  costs — all  these 
factors  are  involved.  It  is  possible  that  the  pinch 
of  poor  quality  can  be  staved  off  for  a  period, 
and  possibly  forever.  Metals,  plastics,  and  syn¬ 
thetics  will  play  their  part  in  and  have  their 
effect  on  the  situation.  However,  wood  use  is  so 
vast,  so  habitual,  so  much  an  integral  part  of 
our  economy  that  ultimate  adjustment  by  sub¬ 
stitution  will  be  a  long  process,  and  perhaps  an 
unnecessary  one,  provided  proper  steps  are 
taken  to  use  our  remaining  "quality  wood” 
effectively,  and  to  rebuild  and  maintain  an 
acceptable  quality  level.  Standard  grades  for 
forest  products  are  essential  tools  for  accom¬ 
plishing  this. 

It  may  appear  that  the  problem  of  establish¬ 
ing  forest  product  quality  standards  is  a  simple 
one.  It  may  be  argued  that  we  are  dealing 
merely  with  pieces  of  wood,  and  that  all  that 
is  required  is  to  set  up  a  descending  scale  of 
values  for  pieces  with  certain  measurably  differ- 
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ent  specifications,  let  the  several  users  pick  the 
grades  they  individually  can  use,  and  that’s  that. 
In  theory,  the  problem  is  as  simple  as  that. 
Actually,  it  is  one  of  the  most  complex  situa¬ 
tions  facing  both  wood  growers  and  users. 

Background  for  Log  Grading 

To  begin  with,  timber  and  log  growing  in¬ 
volves  a  number  of  curious  situations,  many  of 
them  lying  in  the  psychological  field.  Some  of 
them  are; 

1.  Timber  and  logs  are  generally  not  bought 
and  sold  by  the  piece  or  pound  over  the  counter. 
Rather  they  are  traded,  with  both  seller  and 
buyer  (and  generally  the  latter)  banking  on 
knowledge  or  lack  of  knowledge  on  the  part  of 
one  or  the  other  to  consummate  a  good  deal. 
This  is  traditional,  but  creates  a  difficult  situa¬ 
tion  to  overcome. 

2.  The  usual  methods  of  measuring  quanti¬ 
ties  are,  to  say  the  least,  not  precise,  and  often 
compensate,  one  way  or  the  other  for  quality 
variations.  If  and  when  this  occurs,  it  is  by  acci¬ 
dent,  rather  than  design,  but  it  does  take  pres¬ 
sure  off  converters  when  low  quality  is  tied 
closely  to  small  size.  The  Doyle  Rule  is  espe¬ 
cially  effective  in  this  respect. 

3.  Although  the  basic  quality  of  a  piece  of 
wood  may  be  constant,  its  value  is  not.  A  piece 
of  wood  is  not  homogeneous.  The  highest  qual¬ 
ity  log  for  example,  can  and  generally  does 
yield  some  lowest  grade  lumber.  Market  prices 
and  demands  for  low  grade  products,  particu¬ 
larly,  can  easily  alter  desirability  of  a  log. 

4.  Timber  is  converted  under  a  tempo  and 
with  facilities  which  all  too  frequently  leave 
neither  time  nor  space  available  for  the  task  of 
accurately  measuring  quantity  and  quality  of 
round  products. 

5.  In  many  sections,  log  making  is  a  "taken- 
for-granted”  operation.  It  is  generally  recog¬ 
nized  that  woods  supervision  has  been  inade¬ 
quate  to  control  and  woods  labor  uninterested 
in  developing  quality,  except  as  accidentally  in¬ 
volved  in  making  quantity. 

6.  Operations  are  rarely  confined  to  one  spe¬ 
cies,  and  certainly  involve  a  wide  range  of  tim¬ 
ber  sizes.  The  use  of  quality  standards  would 
add  a  large  number  of  complications  to  a  com¬ 
putation  system  already  cumbersome.  These  can 
be  overcome  by  mechanical  computation  meth¬ 
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ods,  but  few  are  aware  of  the  techniques 
involved. 

Then,  there  are  other  more  technical  diffi¬ 
culties.  Some  of  the  most  important  of  these 
are: 

1.  There  are  often  conflicting  use  possibili¬ 
ties  for  a  given  piece  of  wood.  A  log,  for  ex¬ 
ample,  may  be  of  highest  quality  for  factory 
lumber,  and  also  be  a  fine  veneer  log.  In  addi¬ 
tion,  it  may  be  useful  for  structural  products, 
and  certainly  would  make  superfine  dunnage. 
Yet  the  technical  requirements  for  each  of  these 
items  are  different,  and  every  log  will  not  yield 
equal  values  in  all  products.  Some  high  grade 
factory  lumber  logs  will  be  cull  for  structural 
purposes.  This  leads  to  difficulty  for 

(a)  there  is  confusion  between  use  classes 
(i.e.,  pieces  most  suitable  for  a  given 
use)  and  grades  (i.e.,  pieces  within  a 
use  class,  of  different  levels  of  value). 

(b)  There  is  an  understandable  desire  on  the 
part  of  many  for  a  simple  1-,  2-,  or  3* 
line  statement  of  a  quality  system,  which 
leads  to  attempts  to  discover  ultra¬ 
simple  approaches,  and  to  resistance  to 
the  logical  system  which  is  of  necessity 
complicated.  (Experience  in  this  field, 
however,  indicates  that  the  complica¬ 
tions  are  more  apparent  than  real,  so  far 
as  practice  is  concerned.) 

2.  There  is  a  lack  of  adequate  published  in¬ 
formation  on  factors  affecting  quality.  First  is 
the  problem  of  identification;  then,  second,  that 
of  evaluation.  Does  this  or  that  affect  quality? 
If  so,  under  what  circumstances,  and  to  what 
degree? 

3.  Pieces  of  wood  (logs)  of  certain  specifica¬ 
tions  may  have  a  high  value  for  a  certain  use. 
A  piece  of  different  specifications  may  be  un¬ 
merchantable  for  the  first  use,  but  have  an 
equal  value  for  another.  This  over-lapping  of 
values  for  different  classes  and  grades  for  dif- 

•  ferent  end  uses  which  precludes  the  develop¬ 
ment  of  a  logical  scale  of  descending  desirabil¬ 
ity,  is  a  cause  of  confusion. 

4.  There  is  an  element  of  interchangeability 
between  uses  for  certain  pieces  of  given  speci¬ 
fications  which  further  complicates  the  matter. 
Some  logs  of  one  class  can  be  used  for  purposes 
of  another,  but  not  all  logs  can  be  interchanged. 
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Due  to  market  conditions,  it  may  be  desirable 
to  make  such  an  interchange  at  one  time  and 
not  at  another. 

Guiding  Principles 

In  view  of  all  these,  and  other  complicating 
and  confusing  elements  in  the  situation,  it  is 
necessary  to  set  forth  certain  arbitrary  guides  if 
a  standard  system  is  to  be  evolved.  Such  guides 
are: 

1.  The  system  must  be  related  as  closely  as 
possible  to  current  utilization  practices,  and 
must  be  purposely  directed  toward  current  uses. 

2.  An  arbitrary  scale  of  descending  desirabil¬ 
ity  must  be  formulated  for  products  and  end 
uses. 

3.  Classing  or  grading  factors  must  be  such 
that  identification  and  evaluation  can  be  precise 
and  consistent. 

4.  Specifications  for  classes  and  grade  may, 
but  need  not  coincide  with  those  required  for 
any  specific  products.  Specifications  for  such 
specific  products,  where  different,  should  be  re¬ 
lated  locally  to  standard  grades  or  classes. 

Specific  Requirements 

Having  established  basic  requirements  for  a 
standard  quality  measuring  system,  it  is  now  in 
order  to  become  specific.  For  illustrative  pur¬ 
poses,  the  following  discussion  will  be  directed 
at  hardwood  log  utilization  exclusively. 

To  begin  with,  the  general  requirements 
given  above  can  be  translated  into  a  definite 
working  system  for  hardwood  as  follows: 

1.  Sawn  (and  veneered)  products  will  be 
given  preference  over  others,  such  as  pulp- 
wood,  chemical  wood  and  fuel  wood.  This 
means  a  first  breakdown  of  the  available  cubic 
volume  in  a  tree  into  two  parts;  namely,  those 
pieces  suitable  for  sawn  products,  and  those  not 
suitable.  A  separating  specification  is  required. 
This  cannot  and  need  not  be  formulated 
directly  but  obviously  will  be  a  combirution  of 
the  numerous  requirements  of  the  products  in¬ 
cluded.  It  does  however,  require  the  establish¬ 
ment  of  "floors”  for  the  individual  items. 

2.  Within  the  sawn  products  group,  due  to 
current  practice,  two  groups  will  be  set  up; 
namely,  sawlogs  and  sawbolts.  Here  again  a 
separating  specification  is  required.  This  speci¬ 
fication  actually  becomes,  then,  the  floor  of  the 


system  for  measuring  log  quality.  It  is  realized 
that  the  poorest  or  lowest  grade  log  is  not  a 
fixed  thing,  and  that  it  will  vary  with  operating 
and  economic  conditions.  However,  if  the 
specifications  are  set  on  the  premise  of  good 
economic  conditions,  the  chances  are  that  any 
change  will  cause  requirements  to  go  up  sub¬ 
stantially.  When  they  do,  the  next  highest 
standard  class  (or  classes)  can  be  considered 
the  minimum.  Following  this  idea  the  required 
specification  for  the  poorest  log  is: 

Any  piece  of  a  stem  more  than  8-inches  in 
diameter,  8-feet  in  length  with  a  sweep  in 
inches  not  exceeding  1/2  the  diameter  of  the 
small  end,  but  with  over  I/2  gross  volume 
sound  and  with  any  number  of  knots,  holes,  or 
rotten  areas  providing  the  diameter  of  none  ex¬ 
ceeds  1/2  diameter  of  the  log  at  point  of 
occurrence. 

3.  The  floor  for  the  log  group  having  been 
established,  logs  will  be  segregated  into  use 
classes  set  up  in  accordance  with  an  arbitrary 
scale  of  descending  desirability.  This  segrega¬ 
tion  or  separation  is  the  key  to  successful  value 
subdivision,  and  is  the  basis  of  all  grading.  The 
authority  for  judgment  on  these  use  classes  is 
the  rules  book  of  the  National  Hardwood 
Lumber  Association  which  lists  and  gives  speci¬ 
fications  for  most  of  the  commonly  sawed  hard¬ 
wood  products.  A  study  of  these  rules  shows 
that  there  are  three  basic  use  classes,  each — and 
this  is  important — with  unique  technical  re¬ 
quirements,  which  preclude  use  for  any  other 
purpose  when  arranged  in  a  descending  scale 
of  desirability.  That  is  to  say,  although  wood 
of  the  highest  considered  use  may  be  used  in 
some  cases  for  lower  purposes,  wood  in  a  lower 
class  cannot  be  used  economically,  (and  often 
technically),  for  a  higher  purpose  when  con¬ 
sideration  is  confined  to  products  listed.  These 
basic  use  log  classes  can  be  called  factory, 
structural,  and  miscellaneous  local  use. 

Factory  Lumber 

Factory  lumber  use  is  based  upon  producing 
lumber  later  to  be  recut  into  smaller  pieces, 
each  practically  free  from  blemishes  and  imper¬ 
fections.  The  value  (grade)  of  such  lumber  is 
determined  by  specifications  of  the  official  Na¬ 
tional  Hardwood  Lumber  Association  grading 
rules  for  standard  lumber.  These  control  the 
yield  of  such  defect-free  pieces  which  can  be 
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cut  from  the  original  board  of  a  given  grade. 
High  grade  boards  are  those  which  will  yield 
high  percentages  of  clear  material,  with  indi¬ 
vidual  pieces  relatively  large.  Low  grades  are 
those  which  yield  low  percentages,  generally 
only  in  the  smaller  sizes.  The  technical  base  for 
the  grading  is  the  so-called  clear  face  cutting. 
This  is  defined  as  having  one  face  absolutely 
free  from  defects  and  the  reverse  side  "sound,” 
which  means  free  from  rot,  heart  center,  shake 
and  wane,  but  with  other  certain  defects,  which 
do  not  impair  the  strength  of  the  cutting.  These 
others  include  sound  knots,  sound  bird  peck, 
stain,  streak  or  worm  holes.  Products  included 
in  this  factory  use  class  are  standard  lumber, 
sill  stock,  step  plank,  cabinet  ash,  elm,  hickory 
and  pecan,  basswood  key  stock,  and  flooring 
lumber. 

Structural  Lumber 

The  second  (structural)  class  of  use  includes 
that  in  which  pieces  are  to  be  used  more  or  less 
intact  for  building  or  weight-bearing  purposes. 
Specifications  for  the  products  are  found  in  the 
construction  lumber  section  of  the  National 
Hardwood  Lumber  Association  rules,  the  tie 
specifications  of  the  American  Railway  Associ¬ 
ation,  and  the  standard  specifications  of  the 
American  Society  for  Testing  Materials  for 
structural  wood  members.  These  specifications, 
in  general,  control  strength  of  piece.  Knots  and 
other  defects  which  would  reduce  the  strength 
are  limited  to  sizes  which  hold  impairment 
within  satisfactory  limits.  In  large  items,  the 
position  and  condition  of  heart  is  specially  im¬ 
portant.  Although  factory  lumber  grades  allow 
for  progressively  more  defects  from  the  high 
grades  to  the  low  grades,  specifications  for 
structural  items  are  rigid  throughout  with  re¬ 
gard  to  the  inclusion  of  weakening  imperfec¬ 
tions.  This  results  in  log  requirements  diflFerent 
from  those  for  factory  use.  For  example,  often 
enough  high-grade  boards  can  be  taken  from 
the  outside  of  a  log  with  rotten,  shaky  interiot 
and  large  but  widely  spaced  individual  log  de¬ 
fects  so  that  average  quality  of  product  yield 
may  be  high.  Such  a  log  might  be  a  cull  as  a 
structural  log.  Among  the  products  included  in 
this  class  are  ties,  sound  square  edge,  select  and 
No.  1  dimension.  No.  1  and  2  utility  boards, 
select  car  stock. 
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Miscellaneous  Local-Use  Lumber 

The  third  class  of  use  comprises  miscella¬ 
neous  products  either  not  usually  covered  by 
any  standard  specifications,  or  by  rather  general 
ones.  The  uses  generally  do  not  require  high 
strength,  great  durability,  or  fine  appearance. 
The  products  are  of  low  value  and  are  gener¬ 
ally  sold  in  local  or  restricted  markets  for  such 
uses  as  secondary  farm  buildings  and  crating. 
It  also  includes  bridge  and  crossing  plank,  sheet 
piling  and  other  miscellaneous  construction 
items.  Whereas  the  products  from  the  first  two 
log  classes  are  usually  sold  over  a  wide  area 
through  a  variety  of  marketing  channels,  mis¬ 
cellaneous  use  materials  are  generally  sold 
direct  to  the  user  by  the  producing  mill. 

Other  Possible  Use-Classes 

Although  the  three  uses  discussed  cover  most 
hardwood  lumber  production,  there  are  other 
uses  which  assume  local  importance.  Interior 
finish  is  one  of  these  and  it  is  possible  that  a 
basic  class  should  be  developed  for  it.  How¬ 
ever,  the  present  hardwood  finish  business  is  so 
small  that  this  use  can  be  included  in  the  struc¬ 
tural  class.  Finish  use  will  assume  much  more 
significance  in  the  softwood  picture.  Other  im¬ 
portant  uses  are  for  veneer  (both  commercial 
and  container),  cooperage,  dimension  and 
handle  stock.  Studies  are  needed  to  relate  re¬ 
quirements  for  these  items  to  the  standard  basic 
use  classes.  It  is  probable  that  they  will  be  most 
closely  related  to  the  factory  use  for  relatively 
short  clear  pieces  of  practically  perfect  wood  or 
veneer  sheets  with  few  or  widely  scattered 
defects. 

Grade  Specifications 

Next,  for  each  use  class  as  described  above, 
as  many  grades  as  are  desired  can  be  set  up  to 
divide  the  included  logs  into  a  series  of  value 
groups.  The  usual  procedure  is  to  divide  the 
class  into  three  such  groups  (grades)  represent¬ 
ing  high,  medium,  and  low  value  bands.  To  set 
up  such  grades  requires  that  the  factors  affect¬ 
ing  quality  within  the  class  be  evaluated  and 
arranged  into  a  set  of  clear-cut  specifications. 
To  be  practical,  the  grades  must  meet  the  fol¬ 
lowing  requirements: 

1.  They  must  be  based  upon  external  meas¬ 
urable  characteristics.  In  case  of  logs,  surface 
and  end  features  can  be  used;  in  case  of  trees. 
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surface  features  only.  Possible  factors  would  be 
the  position  of  log  in  the  tree,  (at  least  whether 
it  is  a  butt  log  or  whether  an  upper  log) ;  the 
straightness  of  the  log;  pattern,  size  and  char¬ 
acter  of  log  surface  abnormalities  such  as  knots, 
bumps,  bulges,  worm  holes,  cracks  and  breaks 
or  changes  in  pattern  of  bark.  Available  on  the 
end  of  logs  to  guide  judgment  would  be  such 
things  as  rotten,  doty,  stained,  shaky,  and 
insect-damagaed  areas. 

2.  They  must  "work”  on  relatively  small 
quantities  of  logs.  With  all  the  variations  that 
occur  in  logs,  it  can  be  realized  that  to  put  each 
log  into  an  exact  value  classification  would  re¬ 
quire  a  long  and  complicated  set  of  specifica¬ 
tions.  On  the  other  hand,  a  few  simple  rules 
such  as  size  and  amount  of  cull  might  give 
fairly  consistent  average  values  if  applied  to 
thousands  of  logs.  Somewhere  in  between  is 
the  ideal.  The  system  should  satisfy  if  it  will 
give  a  consistent  average  with  25  or  50  logs. 

3.  The  system  must  be  as  simply  and  "learn- 
able”  as  possible.  Many,  in  considering  this 
matter  would  like  to  have  the  rules  contained 
in  a  one,  two,  or  three  line  statement.  This  is 
highly  desirable,  but  practically  impossible.  On 
the  other  hand,  as  has  been  indicated  above,  it 
would  be  possible  to  build  up  a  set  of  specifica¬ 
tions  which  would  fill  a  book  and  which  could 
be  used  only  by  experts  with  long  years  of 
training.  In  this  matter,  reason  must  prevail. 
As  Abe  Lincoln  said,  "A  man’s  legs  must  be 


long  enough  to  reach  the  ground.”  Grading 
specifications  must  be  sufficiently  explicit  to  do 
the  job  required.  It  is  not  unreasonable  to  ex¬ 
pect  those  engaged  in  the  timber  business  to 
learn  a  somewhat  complicated  system.  It  is 
known  that  the  system  will  not  be  as  demand¬ 
ing  as  the  various  lumber  grading  systems. 

Present  Status  of  Log  Grades 

Having  discussed  the  principles  upon  which 
a  log  grading  system  should  be  based,  it  is  now 
in  order  to  discuss  the  present  status  of  log 
grades  for  various  use  classes.  For  the  factory 
use  class,  there  is  a  set  of  specifications  devel¬ 
oped  by  the  U.  S.  Forest  Products  Laboratory 
after  extensive  studies  in  the  various  hardwood 
regions.  These  are  included  in  the  publication, 
available  for  distribution,  entitled  ’’Hardwood 
Log  Grades  for  Standard  Lumber”  (Forest 
Products  Laboratory  Publication  No.  D  1737). 
The  specifications  are  shown  in  Table  1.  For 
the  tie  and  timber  class  there  are  no  formally 
published  specifications;  however.  Table  2  gives 
suggested  specifications  suitable  for  use  until 
further  research  has  established  more  perfect 
rules.  For  the  local  use  class,  no  grades  have 
been  developed  or  are  suggested.  It  may  be 
considered  that  this  class  is  one  grade  which 
contains  those  logs  not  good  enough  to  enter 
either  the  factory  or  the  structural  use  classes, 
but  which  still  meet  the  basic  specifications  for 
the  poorest  log,  as  defined  earlier. 


Table  1. — Hardwood  Factory  Lumber  Log  Grade  Specifications 
(From  Forest  Products  Laboratory  Report  D  1737) 


Grading  factors 

Position  in  tree _ 

Diameter,  scaling,  inches.. 
Length  without  trim,  feet. 
Clear  cuttings  on  each 


of  3  hrat  faces.. . Length,  minimum,  ft . . . . 

Number,  maximum _ 

Yield  in  face  length _ 

Sweep  allowance 

(maximum) _ Less  than  of  end  in  sound  defects, 

percent _ 

More  than  of  end  in  sound  defects 
percent _ 


Cull  and  sweep  allowance  (maximum),  percent. 
Sound  end  defects _ 


Log  Grade 


F  1 

F2 

F3 

Butts 

Butts  and 

Butts  and 

only 

uppers 

Butts  and  uppers 

Uppers 

>13-15 

16-19  20+ 

311+  12  + 

8  + 

10-t- 

10  + 

10+  8-9  10-11  12  + 

8  + 

7 

5  3 

3 

2 

2 

2 

2  3 

5/6 

5/6 

2/8  3/4  2/3 

H 

15 

15 

80 

50 

10 

10 

20 

36 

340 

340 

<60 

50 

Special  instructions  available 

>Ash  and  basswood  butts  can  be  12  in.  if  otherwise  meeting  requirements  for  small  No.  I’s. 
>10  in.  logs  of  all  species  can  be  No.  2  if  otherwise  meeting  requirements  for  small  No.  I’s. 
^Otherwise  number  1  logs  with  51  to  60  percent  cull  can  be  No.  2. 

^Otherwise  number  2  logs  with  61  to  60  percent  cull  can  be  No.  8. 
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Table  2. — Suggested  Specifications  for  Structural  Logs 

Log  Grades 


Specifications 


T1 


T2 


T3 


Position _ 

Diameter _ 

Length,  without  trim 

Clear  cuttings . . 

Sweep,  absolute . 


Butt  and  upper 
20  in.+ 

12  ft.+ 

No  requirements 
dia.  small  end 


Butt  and  upper  Butt  and  upper 

11  in.-f  8  in.,  9  in.,  10  in. 

8  ft. 

No  requirements 

dia.  small  end  for  each  8  ft.  of  length. 


Sound  surface  defects . -  - .  Single  knots . Any  number  if  dia.  of 

collar  is  not  over  4  in. 


Any  number,  if  no  one  knot  has  an  av.  collar  dia. 
in  excess  of  1/3  of  log  diameter  at  point  of 
occurrence. 


Whorled  knots _ Any  number  if  sum  of 

knot  collars  does  not 
exceed  4  in. 

Holes _ _ --Any  number  if  dia.  does 

not  exceed  4  in.  and  if 
none  extends  over  3  in. 
into  included  timber. 


Any  number,  if  sum  of  collar  dia.  does  not  exceed 
1/3  of  log  dia.  at  point  of  occurrence. 


Any  number  provided  none  has  a  dia.  of  over  1/3 
of  log  dia.  at  point  of  occurrence,  and  none  extends 
over  3  in.  into  included  timber- 


Unsound  surface  defects _ Same  requirements  as  Same  requirement  as  for  sound  defects  if  they 

for  sound  defects,  except  extend  into  included  timber,  no  limit  if  they  do  not. 
no  limit  if  do  not  extend 
into  included  timber. 


End  defects. 


Sound . - . No  requirements 


No  requirements 


Unsound _ No  vol.  limit,  but  all 

must  be  confined  to 
heart  center. 


None  allowed;  must  be  sound  internally.  Will 
admit  1  shake  not  more  than  1/3  width  of  and 
1  split  5  in.  long  (max.)  in  contained  timber. 


How  Grades  Are  Applied 

Discussion  therefore,  can  be  confined  to  the 
process  of  grading  factory  logs  and  structural 
logs.  For  the  former,  the  Laboratory  studies 
showed  that  the  value  of  the  lumber  produced 
is  controlled  in  part  by  the  position  of  the  log 
in  the  tree.  In  general,  butt  logs  of  a  given 
character  turn  out  better  than  upper  logs.  Dif¬ 
ferences  in  size  of  logs  are  very  important, 
especially  diameter  variations.  Changes  in 
length  are  less  important  in  the  individual  logs 
for  the  highest  grade  product  permits  pieces  of 
all,  lengths  down  to  8-feet;  however,  there  are 
definite  limitations  on  the  percentages  of  the 
short  lengths  which  may  be  included  in  large 
shipments  of  a  given  grade,  and  there  is  some¬ 
times  a  premium  on  shipments  containing  all 
long  lengths.  So,  length  must  be  considered. 
Another  important  factor  is  crookedness,  the 
immediate  effect  of  which  is  to  bring  the  center 
of  the  log  (which  normally  contains  blemished 
wood)  nearer  the  surface  of  the  log  and  to  give 
an  abnormal  distribution  of  these  central  and 
other  wood  defects. 

Other  significant  factors  are  amount  of  cull 
(rot,  shake)  and  presence  of  such  things  as 
stain  and  worm  damage.  These  are  generally 
visible  on  the  ends  of  the  logs  and  can  be  eval¬ 
uated  there.  But  the  most  important  factor  to 
be  considered  is  log  defects.  These  are  external 
evidences  of  internal  blemishes  in  the  wood. 


They  may  or  may  not  be  associated  with  cull. 
They  include  such  things  as  knots,  bumps, 
cracks,  holes,  limbs,  wounds,  and  overgrown 
features  such  as  limb  stubs,  insect  holes,  and 
bird  peck.  These  are  evaluated  under  the  Forest 
Products  Laboratory  system  by  dividing  the  log 
visually  into  4  lengthwise  sections  or  faces, 
each  representing  the  slab  which  would  be  cut 
off  if  the  log  were  squared  up.  By  applying  the 
principles  used  in  grading  hardwood  lumber,  a 
good  correlation  is  obtained  between  log  sur¬ 
face  character  and  lumber  grade  yields.  Under 
this,  principle,  the  faces  are  graded,  not  directly 
by  number,  size,  and  character  of  defects,  but 
by  the  distribution  or  pattern  of  these.  This  is 
gauged  by  number  and  size  of  "clear  cuttings” 
(defect  free  areas)  on  the  3  best  faces. 

All  of  these  factors  (position,  size,  straight¬ 
ness,  cull,  and  log  defects),  have  been  worked 
into  the  relatively  simple  specifications  given  in 
Table  1.  It  should  be  noted  that  the  specifica¬ 
tions  are  based  on  visible  factors  which  can  be 
identified  and  measured.  No  judgment  as  to 
what  the  log  will  produce  is  required;  it  is 
assumed,  however,  that  the  logs  will  be  sawed 
"for  grade.”  In  general.  No.  1  logs  will  yield 
from  64  to  80  percent  of  high  grades  (IC  & 
B),  No.  2  logs,  40  to  64  percent,  and  No.  3 
logs,  13  to  36  percent,  the  variation  being  due 
chiefly  to  species  differences.  On  a  comparative 
basis,  the  lumber  from  No.  2  logs  of  the  major 
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species  is  worth  about  75  percent,  and  that 
from  No.  3  logs  about  50  percent  of  that  from 
No.  1  logs. 

The  suggested  specifications  for  the  structural 
class  of  logs  (Table  2)  are  based  on  a  set  of 
principles  different  from  those  for  factory  logs. 
Position  of  log  in  tree  is  not  important.  Size  of 
log,  both  length  and  diameter,  must  obviously 
be  considered  for  the  items  produced  must  be 
cut  to  definite  width,  depth,  and  length.  So  far 
as  defects  are  concerned,  their  size,  character, 
and  position  are  more  important  than  pattern; 
i.e.,  than  relation  to  each  other  or  to  faces.  If 
defects  are  so  large  as  to  weaken  the  potential 
product,  they  are  degraders;  if  defects  do  not 
have  this  effect  then  they  do  not  alter  log 
grade.  The  chief  result  of  log  defects  here  is  to 
disqualify  a  log.  This  is  different  from  the 
factory  class  where  major  effect  is  to  raise  or 
lower  grade. 

Another  very  important  factor  is  cull. 
Whereas  in  factory  logs  a  considerable  amount 
of  rot  can  be  present,  in  structural  logs  only 
that  which  is  of  surface  nature  is  permitted. 
On  the  other  hand,  stain  and  scattered  insect 
holes,  important  degrades  in  factory  logs,  are 
not  important  here.  Straightness  is  also  ex¬ 
tremely  important.  Actually,  a  great  deal  more 
study  needs  to  be  given  this  class  of  log.  For 
the  present  however,  the  specifications  shown 
in  Table  2  will  be  a  good  guide  for  graders. 

The  local  or  miscellaneous  use  class  com¬ 
prises  all  logs  above  the  "poorest  log”  already 
defined,  and  below  the  factory  and  structural 
class.  No  grades  are  available  or  are  suggested 
at  this  time.  Although  the  value  of  products 
from  these  logs  generally  averages  low  as  com¬ 
pared  with  structural  or  factory  products,  they 
should  not  be  under-rated  for  they  may  be 
profitable.  The  main  consideration  here  is  that 
the  products  will  not  stand  long  shipment  but 
have  to  be  sold  locally  to  be  used  economically. 
These  logs  are  not  suitable  for  other  types  of 
use. 

Grades  Applicable  to  Standing  Timber 

Although  the  specifications  already  discussed 
are  for  cut  logs,  they  can  be  applied  to  stand¬ 
ing  timber  with  a  good  degree  of  uniformity. 
When  used  in  this  manner,  the  two  following 
points  must  be  considered: 


(1)  Since  only  surface  characteristics  can  be 
used,  what  loss  of  accuracy  will  arise  from 
failure  to  see  interior  defects?  The  answer  is 
that  undoubtedly  there  will  be  some,  especially 
in  old-growth  timber.  It  will  be  at  a  minimum 
in  second  growth.  However,  studies  of  local 
operations  should  give  a  correction  factor.  It  is 
not  possible  to  evaluate  the  possibilities  quanti¬ 
tatively  at  this  time,  but  best  opinion  is  that 
accuracy  can  be  held  within  satisfactory  limits. 

(2)  Since  in  cruising  timber  with  standard 
volume  tables,  1 6-foot  sections  must  be  used 
(except  for  top  logs),  what  will  differences  in 
length  due  to  local  bucking  practice  do  to  accu¬ 
racy?  The  general  tendency  with  trained  buck- 
ers  would  be  to  raise  final  above  estimated 
grades.  But  an  allowance  for  this  can  be  made. 
A  suggested  one  permits  raising  the  grade  of 
the  basic  l6-foot  log  to  that  of  its  best  12-foot 
section. 

Learning  Log  Grading 

In  general,  experienced  timber  grades  should 
be  able  to  come  within  5  to  10  percent  of  the 
final  log  grade  values,  or  at  least  as  close  as 
volume  estimates  are  generally  held.  To  learn 
the  system  the  suggested  specifications  should  be 
studied  on  logs.  An  office  study  may  be  dis¬ 
couraging  for  it  cannot  give  any  indication  of 
the  frequency  of  factor  application,  and  the 
"self-grading”  aspects  of  the  system.  Frequently, 
as  many  as  75  percent  of  logs  will  "class  and 
grade  themselves.”  That  is,  judgment  of  one 
or  two  very  obvious  features  will  "place”  the 
log.  Only  on  a  relatively  few  will  a  succession 
of  judgments  be  required.  What  appears  to  be 
extremely  complicated,  with  field  experience  be¬ 
comes  much  simpler. 

A  very  important  phase  of  grading,  and  one 
which  can  and  should  be  studied  independently, 
is  the  identification  and  evaluation  of  log  de¬ 
fects.  These  are  abnormalties  on  the  log  sur¬ 
face  which  indicate  degrading  blemishes  in  the 
contained  wood.-  They  should  not  be  confused 
with  "cull”  material  made  unusable  by  rot, 
dote,  shake,  insect  attack,  and  which  is  removed 
from  the  product  in  manufacture,  and  for  which 
deduction  is  made  in  log  scaling. 

A  specification  for  a  clear  cutting  on  a  factory 
log  face  is  given  as  the  distance  lengthwise 
between  log  defects.  In  structural  logs  the  size, 
depth,  or  location  of  a  log  defect  may  be  a 
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controlling  factor  in  classification.  Hence,  a 
good  knowledge  of  such  features  is  essential. 
Any  noticeable  variation  from  clearness — bulge, 
bump,  knot,  bark  pattern  change — is  a  possible 
log  defect.  Particularly  important  are  the  incon¬ 
spicuous  features,  often  over-grown,  which  in¬ 
dicate  deeply  buried  blemishes.  To  date,  pub¬ 
lished  information  on  this  subject  is  inadequate. 
Some  will  be  found  in  the  Forest  Products  Lab¬ 
oratory  publication  D1737.  A  comprehensive 
bulletin  on  log  defects^  is  now  being  printed 
by  the  Government  Printing  Office  and  should 
be  available  in  early  summer.  This  publication 
defines  most  common  and  some  uncommon  log 
defects.  It  contains  photographs  and  discussions 
of  occurrence  and  significance.  It  points  out 
that  significance  may  vary  according  to  poten¬ 
tial  product,  with  character  of  the  defect  itself, 
and  with  relation  to  other  grading  factors,  par¬ 
ticularly  diameter.  It  further  emphasizes  the 
principle  that  in  factory  logs,  effect  of  a  defect 
is  gauged,  in  general,  by  its  relation  to  an 
outer  rim  of  wood  with  a  thickness  of  about 
one-sixth  of  the  scaling  diameter  of  the  log. 
In  structural  logs,  on  the  other  hand,  deteriora¬ 
tion  of  the  center  of  the  log  is  a  critical  factor. 
Although  much  information  can  be  gained  by 
watching  logs  sawed  up,  perhaps  the  best  place 
to  study  log  defects  is  on  a  slab  pile  where  in¬ 
dividual  defects  can  be  examined  at  close  range, 
their  characteristics  studied,  and  relation  to  log 
blemishes  gauged.  In  hardwood  factory  logs, 
it  is  especially  important  to  learn  to  identify 
and  give  proper  weight  to  obscure  or  incon¬ 
spicuous  features  such  as  over-grown  knots, 
grub  emergence  holes,  and  ant  damage. 

Checking  Grades  Against  Values 

Having  learned  to  class  and  grade  logs,  what 
next?  The  next  step  is  to  determine  values  by 
grades.  For  factory  logs,  values  may  be  ap¬ 
proximated  from  the  Forest  Products  Laboratory 
publication  D1737,  which  gives  average  yields 
by  species  for  each  grade,  and  for  individual 
diameter  classes  within  the  grades.  But  these 
are  for  a  given  sawing  thickness  pattern.  Indi¬ 
vidual  or  regional  practices  may  vary  from  this 
pattern.  Also  there  may  be  hidden  defects,  such 
as  shake  or  insect  damage,  which  give  no  sur- 

^  "Log  Defects  in  Southern  Hardwoods”,  by  Lock- 
ard,  Putnam  and  Carpenter. 


face  and  only  slight  end  indication  of  their 
presence,  and  which  over  wide  areas  may  lower 
product  values  significantly.  Further,  there  are 
no  standard  output  figures  for  use  classes  other 
than  factory.  This  means  local  tests  of  the  vari¬ 
ous  types  of  logs  must  be  made  to  establish 
local  values.  Timber  owners  and  mill  men  alike 
should  be  interested  in  such  tests  which  are 
relatively  simple.  They  c^in  be  made  by  running 
a  group  of  at  least  25  logs  of  a  given  grade 
and  species  through  a  mill  and  keeping  a  tally 
of  the  products.  Other  important  ir'.formation 
will  be  relative  overrun  data  and  milling  time 
per  grade  or  class. 

Another  type  of  test  would  be  to  take  a 
large  number — 100  say — of  logs  of  a  given 
grade  or  class  and  saw  part  for  one  type  of 
product  and  part  for  another.  For  example,  a 
test  would  be  to  see,  when  there  is  a  market, 
how  many  No.  3  factory  logs  might  better  be 
sawed  into  ties,  and  what  effect  this  would  have 
on  the  product  value  of  the  remainder  of  the 
class  unsuited  for  ties. 

Another  test  would  be  to  relate  specific  prod¬ 
ucts  to  standard  grades.  How  many  No.  1  fac¬ 
tory  logs  will  be  good  veneer  logs?  Can  a  spe¬ 
cial  veneer  grade  be  set  up?  If  so,  what  will 
be  the  effect  of  robbing  the  affected  standard 
grade? 

Where  Log  Grades  Will  Pay  Off 

There  are  many  places  in  the  management  of 
timber  stands  and  the  conversion  of  logs  into 
sawn  products  where  the  grading  system  out¬ 
lined  will  be  of  great  usefulness.  In  cruising 
timber,  it  offers  a  technique  for  localizing  the 
universal  tables*  which  are  the  bases  of  the 
modern  cruising  methods.  These  tables  are 
based  on  a  "mathematical”  tree.  The  amount 
of  the  tree  stem  included  is  limited  only  by 
very  rough  limbs  or  by  abnormal  taper,  and  not 
by  current  utilization  practice  in  a  given  region 
or  industry.  Softwoods  under  normal  conditions 
generally  are  utilized  well  up  to  and  frequently 
over  the  limit  used  in  making  the  tables;  mer¬ 
chantability  appears  to  be  limited  by  size  and 
cull  only.  In  hardwoods,  however,  limits  of 
merchantability  are  established  by  factors  other 
than  size  and  soundness.  Even  for  lumber,  fre- 

*  "Tables  for  Estimating  Board-Foot  Volume  of 
Timber”,  by  Mesavage  and  Girard. 
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quently  less  of  a  tree  is  used  than  is  included 
in  a  volume  table.  Therefore,  either  a  correc¬ 
tion  factor  must  be  developed  or  a  "non- 
merchantable”  log  specification  be  used  to  bring 
these  tables  down  to  local  conditions.  A  grad¬ 
ing  system  makes  this  possible.  Estimating  vol¬ 
ume  in  terms  of  standard  grades  will  also  per¬ 
mit  adjustments  of  data  to  meet  the  needs  of 
specific  industries.  Without  any  changes  in 
technique,  it  is  possible  for  a  cruiser  to  report 
on  the  volume  available  if  the  stand  is  being 
considered  by  a  veneer  plant,  by  a  standard 
lumber  mill,  or  by  a  pallet  factory.  It  is  further 
possible  to  condition  the  cruise  figures  by  area 
and  by  types  of  tree.  In  these  days,  when  inte¬ 
grated  use  of  our  forest  resources  is  the  key¬ 
note,  cruisers  will  find  the  use  of  such  a  system 
of  great  help  in  developing  information  on  the 
possibilities  of  operations  designed  to  use  the 
full  volume  of  timber  on  an  average  acre. 

To  forest  managers,  the  usefulness  of  such  a 
system  can  be  almost  unlimited.  To  begin  with, 
these  rrien  engaged  in  the  intricate  job  of  rais¬ 
ing  and  harvesting  timber,  cannot  be  expected 
to  be  familiar  with  all  the  technical  require¬ 
ments  of  the  many  possible  uses  to  which  their 
timber  might  be  put.  However,  the  availability 
of  standard  specifications  governing  the  rela¬ 
tive  quality  of  various  pieces  of  wood  which 
could  be  cut  from  the  stem  of  a  tree  would 
permit  them  to  proceed  with  assurance  toward 
developing  as  many  high  quality  pieces  as  pos¬ 
sible.  Not  only  could  they  appraise  the  existing 
"ripe”  timber,  but  they  also  could  hold  for  the 
future  the  trees  which  are  now  low  grade,  but 
which  have  the  basis  for  future  quality,  and 
could  select  for  cutting  those  trees  the  quality 
potential  of  which  has  been  reached,  be  it  high 
or  low.  Using  grade  specifications,  they  could 
also  soundly  define  inferior  timber  which  has 
no  present  value  and  no  future  prospect  and 
which  should  be  girdled  or  poisoned  to  make 
room  for  a  new  crop.  Finally,  by  the  process  of 
careful  selection  they  could,  over  the  years,  weed 


out  the  trees  which  are  genetically  inferior  and 
leave  those  genetically  superior. 

In  getting  the  most  out  of  trees  (particularly 
in  integrated  operations)  an  important  factor  is 
the  supervision  given  timber  harvesting  opera¬ 
tions,  especially  the  log  making  phase.  It  is 
very  easy  to  demonstrate  that  poor  log  making 
can  readily  result  in  significant  loss  of  potential 
values.  A  standard  set  of  grades  could  be  a 
very  useful  tool  for  woods  supervisors  in  train¬ 
ing  woods  labor,  especially  apprentices,  to  pre¬ 
vent  such  losses.  Operators  of  certain  types  of 
mills  w'ould  find  in  log  grades  a  precise  basis 
for  accepting  or  rejecting  logs.  If  such  accept¬ 
ance  or  rejection  were  not  possible  or  desirable, 
it  would  permit  sound  judgment  to  be  made  as 
to  the  necessity  for  installing  special  equipment 
for  logs  to  which  the  existing  equipment  might 
not  be  adapted.  For  example,  there  are  cer¬ 
tain  classes  of  logs  for  the  milling  of 'which 
portable  mills  at  or  near  the  woods  might  be 
the  best  answer.  Such  logs  might  contain  so 
much  defective  or  waste  material,  or  be  so 
crooked  that  to  transport  their  entire  volume 
would  be  uneconomical.  Other  better  classes  of 
logs  might  best  be  hauled  whole  into  a  central 
plant  where  the  inherent  values  could  be  recov¬ 
ered  with  more  precise  or  more  efficient  machin¬ 
ery.  Another  determination  might  be  differences 
in  sawing  methods  for  logs  of  different  char¬ 
acters.  Some  might  be  best  handled  by  sawing 
round  and  round,  others  by  sawing  through  and 
through.  The  knowledge  of  the  availability  of 
large  quantities  of  logs  of  a  given  character 
might  also  justify  the  operator  in  developing 
new  markets  and  a  better  integrated  operation. 

Finally,  the  whole  process  of  marketing  logs 
would  be  improved.  The  seller  or  his  agent 
could  appraise  his  timber  himself  more  accu¬ 
rately  and  be  in  a  better  bargaining  position. 
The  position  of  the  buyer  would  be  improved 
because  he  could  more  accurately  determine  the 
value  by  grades  than  guess  at  an  average  value 
to  represent  the  usual  wide  range  of  values 
involved  in  woods-run  logs. 
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Recent  Developments  in  Wirebound  Containers 
for  Fresh  Fruits  and  Vegetables 

C.  H.  Jandt 

Package  Research  Laboratory,  Pasadena,  California 

It  is  the  puxpose  of  this  paper  to  briefly  outline  the  economic  conditions  that  have  been  the  impelling 
motive  in  bringing  consideration  and  development  of  new  conuiners  in  the  fresh  fruit  and  vegetable  industry. 
Illustrating  the  trend  are  descriptions  of  two  vegetable  containers  which  have  come  into  usage  during  the 
past  year.  As  a  matter  of  current  interest  a  wirebound  crate  dosing  machine  is  conunented  upon.  Also  dis¬ 
cussed  is  the  flash  cooling  process  for  pre-cooling  lettuce. 


Though  a  basic  similarity  of  products 
and  problems  exists  in  the  several  fresh 
fruit  and  vegetable  producing  areas  of  the 
United  States,  each  has  its  specific  troubles  and 
for  the  purpose  of  this  discussion  only  the 
Western  area  will  be  considered. 

Tradition  and  the  Fruit  and  Vegetable 
Package 

The  fresh  fruit  and  vegetable  industry  has 
not  been  one  to  quickly  and  easily  adopt 
changes  in  its  customs  or  containers.  In  fact 
many  of  the  shipping  containers  now  in  use 
have  gained  such  sanctity,  simply  because  of 
long  years  of  usage,  that,  until  quite  recently, 
any  suggestion  of  change,  either  as  to  type  or 
dimension  was  regarded  as  rank  heresy. 

Had  these  containers  been  developed  through 
scientific  research  and  to  meet  an  unchanging 
condition,  this  attitude  would  perhaps  be  un¬ 
derstandable  but  such  was  not  the  case.  In  the 
majority  of  instances  crates  were  designed  by 
rule  of  thurnb  and  for  conditions  which  passed 
out  of  existence  years  ago. 

As  a  typical  example  the  orange  crate  may 
be  cited.  We  are  told  that  when  the  California 
citrus  industry  was  in  its  infancy,  oranges  were 
packed  in  egg  cases,  probably  because  egg  cases 
happened  to  be  available.  As  the  industry 
grew,  an  orange  crate  of  practically  the  same 
design  and  dimension  as  the  egg  case  was 
adopted  as  the  standard  orange  crate — and  fifty 
years  later  it  is  still  the  standard.  The  same 
crate,  the  same  pack  that  was  made  and  used 
when  oranges  were  retailing  from  the  original 
shipping  container,  canted  against  the  wall  of 
the  grocery  store,  for  eating  purposes,  is  still 
used  today  when  93  percent  of  the  oranges  are 


sold  from  a  bulk  bin  and  better  than  85  percent 
are  consumed  in  the  form  of  juice!  Is  it  not 
within  reason  to  assume  that  with  such  a  rad¬ 
ical  evolution  in  retail  merchandising  that  crate 
styles  and  packing  practices  could  be  developed 
which  would  reduce  handling  costs  and  better 
fit  modern  retailing  methods? 

However,  the  sacrosanct  position  of  some  of 
the  principal  containers  in  the  fruit  and  vege¬ 
table  industry  is  at  long  last  being  questioned. 
Economic  conditions  now  prevailing  compel  a 
review  and  analysis  of  all  of  the  phases  of 
operation  in  this  gigantic  business  in  an  effort 
to  reduce  costs- to  a  point  permitting  profitable 
operations.  For  perhaps  the  first  time  in  its 
history  the  fruit  and  vegetable  operators  are 
combining  in  the  establishment  of  a  scientific- 
research  program  to  undertake  studies  of  the 
several  phases  of  the  processing  and  packing  of 
fresh  fruits  and  vegetables.  Containers  will  be 
checked  to  determine  whether  changes  in  size, 
style,  or  type  will  result  in  more  efficient  and 
economical  handling. 

The  Economics  of  Package  Development 

One  of  the  serious  economic  problems  con¬ 
fronting  the  perishable  shipping  industry  is 
that  of  transportation  costs.  Freight  rates  have 
soared  during  the  past  few  years  and  the  west¬ 
ern  shipper,  always  at  a  disadvantage  because 
of  his  remoteness  from  the  large  consuming 
centers  of  the  United  States,  is  threatened  with 
being  priced  out  of  the  market  by  the  more 
favorably  located  competitive  growing  areas. 

Since  there  are  no  package  rates  on  fruits 
and  vegetables,  these  commodities  move  on 
either  published  or  actual  weight  and  the 
transportation  charge  is  assessed  on  the  weight 
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of  the  commodity  plus  the  weight  of  the  con¬ 
tainer.  Therefore  it  is  not  only  desirable  but 
vitally  necessary  to  hold  the  tare  weight  of  the 
shipping  container  to  an  absolute  minimum. 

Illustrating  this  need  is  a  recent  published 
statement  of  T.  R.  Phillips,  Traffic  Manager  of 
the  Western  Growers  Association,  in  discussing 
certain  proposals  by  the  rail  carriers  to  increase 
the  published  weights  of  lettuce  and  carrots. 
Mr.  Phillips  stated  that  an  increase  of  one 
pound  per  crate  in  the  lettuce  and  carrot  tariffs 
would  impose  an  additional  transportation 
burden  upon  western  growers  of  $420,000 
annually. 

Wirebound  Containers 

This  fact  has  centered  interest  on  the  wire- 
bound  shipping  container  which,  by  virtue  of 
its  design,  has  less  tare  weight  than  other  types 
of  wooden  containers;  the  diflFerential  varying 
from  2  to  4  pounds  when  compared  with  com¬ 
parable  sizes  of  nailed  crates. 

But  when  it  is  realized  that  the  rail  carriers 
during  1948  paid  in  excess  of  12^  millions 
of  dollars  in  loss  and  damage  claims  on  fruits 
and  vegetables  it  becomes  apparent  that  any 
reductions  in  container  tare  weights,  regardless 
of  the  type,  must  be  accomplished  without  im¬ 
pairment  of  the  ability  of  the  container  to  de¬ 
liver  its  contents  in  good  condition  at  destina¬ 
tion.  Loss  and  damage  claims  are  a  part  of  the 
operating  cost  of  the  carriers  and  as  such  con¬ 
tribute  a  reason  for  higher  freight  rates. 

The  wirebound  crate  has  achieved  its  light 
tare  weight  by  means  of  a  design  employing 
thin  veneer  boards  on  the  several  surfaces  of 
the  crate  and  transferring  the  stress  and  strain 
from  the  wood  members  to  steel  girth  wires 
encircling  the  crate. 

The  strength  of  this  type  of  crate  construc¬ 
tion  has  been  proven  by  exhaustive  laboratory 
tests  and  it  is  further  attested  by  the  findings 
of  such  agencies  as  the  Railway  Perishable  In¬ 
spection  Association  in  actual  shipping  expe¬ 
rience. 

This  agency,  in  co-operation  with  the  United 
States  Department  of  Agriculture,  made  a  check 
of  the  arrival  condition  of  celery  in  wire  bound 
and  nailed  crates  during  December,  1948  and 
January  and  February,  1949.  The  results  of  this 
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survey  have  just  been  released  and  reveal  the 
following  comparative  information: 

Wirebound  Nailed 


Crates  Crates 

Number  of  carloads  unloaded -  2,015  1,655 

Number  of  crates  requiring  re¬ 
coopering  _  13,478  74,858 

Average  number  of  crates  per  car 

requiring  recoopering -  6.7  45.2 

Number  of  crates  delivered  "bad 

order” _  2,618  10,512 

Average  number  of  crates  per  car 

"bad  order” _ 1.2  6.4 


These  figures  are  significant  not  only  as  proof 
of  the  carrying  ability  of  the  wirebound  crate, 
but  since  a  broken  crate  results  in  a  damaged 
commodity,  demonstrates  the  economic  advan¬ 
tage  of  delivering  a  greater  percentage  of  sale¬ 
able  merchandise. 

The  Need  to  Develop  Packaging  Designed 
for  Today’s  Merchandising 

There  is  a  second  factor  which  is  impelling 
interest  in  new  types  and  designs  of  contain¬ 
ers.  Merchandising  of  perishable  commodities, 
both  on  the  wholesale  and  retail  levels,  has 
undergone  material  changes  in  recent  years. 
The  large  chain  groups  have  been  particularly 
active  in  their  research  work  and  analysis. 
These  groups  are  vitally  interested  in  the  devel¬ 
opment  of  packing  practices  and  shipping  con¬ 
tainers  that  will  deliver  a  greater  percentage  of 
saleable  merchandise  in  the  crate  at  destination. 
Many  of  the  prevalent  packing  practices,  par¬ 
ticularly  in  vegetables,  inflict  a  great  amount  of 
mechanical  damage  to  the  commodities  in  the 
crate  and  result  in  unsaleable  merchandise 
which  must  be  heavily  trimmed  or  thrown  away. 

In  other  instances  a  change  in  the  method  of 
handling  commodities  at  receiving  markets 
makes  advisable  related  changes  in  packing 
practice. 

In  an  effort  to  aid  in  the  solution  of  some  of 
these  problems  the  Package  Research  Labora¬ 
tory  has  designed  several  wirebound  crates 
which  have,  in  shipping  practice,  established 
their  economic  worth. 

The  standard  method  of  packing  tomatoes 
has,  for  many  years,  been  a  place  pack  in  the 
nailed  lug.  In  this  method  tomatoes  are  han¬ 
dled  individually  by  skilled  packers  who  wrap 
each  tomato  in  a  tissue  wrap,  then  place  the 
tomato  in  the  lug  according  to  a  diagram  pack. 
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Costs  of  this  operation  vary  from  12‘^  to  14^ 
per  lug  for  labor  and  approximately  7^  per  lug 
for  the  tissue  wraps. 

During  past  years  tomatoes  were  sold  in  the 
receiving  market  largely  in  the  original  lug 
container.  This  practice  has  changed.  Today, 
the  best  information  we  have,  reveals  the  fact 
that  85  percent  of  the  tomatoes  shipped  to 
eastern  markets  are  repacked  into  small  cello¬ 
phane  tubes  holding  three  or  four  tomatoes.  In 
this  repacking  operation  the  tomatoes  are 
dumped  from  the  shipping  container  onto  a 
belt,  the  tissue  wraps  removed  and  the  tomatoes 
sorted  according  to  the  various  stages  of  ripe¬ 
ness.  Therefore  the;re  is  no  justification  for  the 
expense  involved  in  the  use  of  wraps  and  the 
labor  necessary  to  place  pack  the  fruit. 

A  New  Tomato  Crate 

To  supply  the  demand  for  a  more  efficient 
and  economical  manner  of  handling  tomatoes 
from  point  of  origin  to  the  repacking  plants, 
the  Package  Research  Laboratory  designed  a 
crate  involving  a  radical  departure  from  the 
old,  time  established  lug  box. 

A  wirebound  crate  designated  as  the  Tab 
tomato  crate  (see  Fig.  1),  with  inside  dimen- 


Fig.  1. — ^The  "Tab”  tomato  crate. 


sions  of  18^  inches  length,  ll^f  inches  width, 
11^  inches  depth  was  designed  to  carry  ap¬ 
proximately  60  pounds  of  tomatoes.  After  the 
tomatoes  have  been  sized  and  graded  in  the 
packing  house  at  the  shipping  point,  they  are 


simply  poured  into  this  container  at  a  labor 
cost  of  2^  to  5^  depending  on  the  packing 
house  set-up  and  the  prevailing  labor  rate.  The 
saving  accomplished  is  a  very  worthwhile 
economy. 

•  All  question  of  the  ability  of  the  wirebound 
crate  to  carry  the  tomatoes  without  damage  was 
dissipated  by  the  arrival  of  both  rail  and  truck 
shipments,  some  on  15 -day  hauls,  with  prac¬ 
tically  no  serious  bruising.  In  fact,  receivers  re¬ 
ported  less  bruising  than  in  the  wrapped  place 
pack  in  the  nailed  lug. 

The  use  of  these  crates  has  accomplished  a 
reduction  in  processing  costs,  provided  a  con¬ 
tainer  of  minimum  tare  weight  and  supplied 
the  buyer  good  merchandise  with  a  minimum 
of  loss  and  damage. 

A  New  Lettuce  Crate 

Another  recent  development  in  wirebound 
containers  of  which  we  feel  justifiably  proud, 
is  the  wirebound  "Square”  lettuce  crate  (see 
Fig.  2).  Designed  after  considerable  investiga¬ 
tion  at  both  the  shipping  and  receiving  ends  of 
lettuce  operations,  this  crate  delivers  more  sale¬ 
able  lettuce  to  the  receiver  because  it  eliminates 


Fig.  2. — ^The  "Square"  lettuce  crate. 


73 


FOREST  PRODUCTS  RESEARCH  SOCIETY 


much  of  the  mechanical  damage  at  the  time  leaves  which,  with  the  light  pack  customary  in 
of  packing  and  affords  a  maximum  of  protec-  those  days,  fitted  nicely  into  the  standard  crate 
tion  to  the  lettuce  during  transit.  without  any  appreciable  damage  to  the  lettuce. 

For  the  benefit  of  those  not  familiar  with  However,  years  of  seed  breeding  have  devel- . 
lettuce  or  lettuce  packing,  it  may  be  explained  oped  strains  of  lettuce  in  which  the  heads  have 

that  the  existing  standard  lettuce  crate  is  oblong  the  hardness  of  a  bowling  ball,  sizes  are  larger 

in  shape,  the  dimensions  being  21%  inches  and  present  day  lettuce  has  few  cover  leaves 

long,  17%  inches  wide,  13  inches  deep.  This  when  packed. 

crate  came  into  being  many  years  ago  and  at  a  A  size  of  lettuce  preferred  by  receivers  gen¬ 
time  when  an  entirely  different  lettuce  than  we  erally  is  the  so-called  "four  dozen”  or  48  heads 

have  today  was  being  grown.  The  heads  then  to  the  crate,  which  are  packed  in  three  layers 

consisted  of  a  rather  small  hard  center,  the  re-  of  sixteen  heads  each.  These  layers  follow  a 

mainder  being  an  abundance  of  soft  cover  square  pack  pattern  in  which  four  heads  of  let* 


Fig.  3. — Semi-automatic  crate-closure  machine. 
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tuce  are  placed  lengthwise  of  the  crate  and 
four  heads  crosswise.  Obviously,  with  this  pack 
the  present  standard  crate  is  either  too  long  or 
too  narrow — as  a  matter  of  fact  it  is  both!  The 
actual  result  is  that  the  lettuce  is  forced  into  the 
crate  by  a  heavy  pressure  sufficient  to  cause  con¬ 
siderable  mechanical  injury  to  the  lettuce  as  well 
as  breakage  of  the  crate  in  transit.  This  of 
course  means  that  the  receiver  will  have  to  trim 
off  all  damaged  lettuce  leaves  before  the  head 
is  saleable  and  therein  come  the  complaints. 

The  wirebound  "Square”  crate  has  a  length 
of  19^  inches,  width  of  19^^  inches  and  a 
depth  of  15%  inches.  By  reconciling  the  di¬ 
mensions  of  the  crate  with  the  physical  dis¬ 
placement  of  the  lettuce  we  have  succeeded  in 
developing  a  crate  which  virtually  eliminates 
any  mechanical  damage  during  the  packing  op¬ 
eration.  Substantial  commercial  shipments  have 
been  made  from  California  to  the  Eastern  Sea¬ 
board  with  practically  no  breakage  occurring  in 
transit.  . 


Reducing  Closure  Costs 

During  the  early  years  of  the  development  of 
wirebound  shipping  containers,  labor  rates  were 
low  and  shippers  were  not  inclined  to  make 
extensive  cash  outlays  for  labor  saving  machin¬ 
ery.  Therefore,  in  the  main,  all  crates,  wire- 
bound  or  nailed,  were  closed  by  a  manual 
process. 

Today,  because  of  high  labor  rates,  shorter 
work  hours  and  less  control  of  help,  the  em¬ 
phasis  in  packing  houses  is  directed  toward 
speed  and  mechanization  in  all  operations.  This 
condition  generated  a  demand  for  a  mechanical 
device  that  would  close  wirebound  crates  prop¬ 
erly  and  quickly. 

J.  H.  Platt  &  Sons,  of  Los  Angeles,  Califor- 
nina,  inventors  and  manufacturers  of  packing 
house  machinery  for  many  years,  recently  un¬ 
dertook  the  job  of  developing  a  closing  machine 
for  wirebound  crates.  Their  inventive  genius 
has  produced  a  series  of  machines  designed  to 
meet  the  diversified  needs  of  the  perishable 
shipping  industry. 
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They  manufacture  a  manually  operated  ma¬ 
chine  for  use  by  small  shippers  which  has  a 
capacity  of  about  250  crates  per  hour.  A  second 
machine  (see  Fig.  3)  is  a  semi-automatic  closer, 
driven  by  electric  power,  which  has  a  capacity 
of  300  to  400  per  hour. 

Both  of  the  aforementioned  machines  have 
an  interrupted  cycle  wherein  the  press  operator 
manually  aligns  the  side  and  top  loops  for  en¬ 
gagement  and  closure.  A  third  machine,  which 
the  Platt  company  has  designed,  is  a  fully  auto¬ 
matic  machine  which  requires  no  manual  assist¬ 
ance  at  any  point  in  the  closing  operation.  This 
machine  has  a  capacity  of  500  to  600  crates  per 
hour. 

Reducing  Shipping  Costs  by  Flash  Cooling 

Within  the  past  year  a  process  of  "flash  cool¬ 
ing”  lettuce  has  been  introduced  in  the  Cali¬ 
fornia  shipping  districts,  which,  based  on  re¬ 
sults  attained  in  commercial  shipments,  prom¬ 
ises  to  accomplish  a  material  economy  in  ship¬ 
ping  costs  and  to  reduce  deterioration  of  lettuce 
during  the  transit  period.  This  method  also 
obviates  the  necessity  for  the  practice,  in  the 
shipment  of  lettuce,  of  blowing  from  10  to  17 
tons  of  snow  ice  over  the  load  in  the  refrig¬ 
erator  car  for  the  purpose  of  rapidly  reducing 
the  pulp  temperature  of  the  lettuce.  It  also 
eliminates  the  tons  of  top  ice,  reduces  crate 
breakage  and  materially  facilitates  unloading  at 
destination. 


In  the  flash  cooling  process  (see  Fig.  4),  the 
lettuce  packed  in  crates  is  placed  in  a  chamber 
capable  of  withstanding  a  high  vacuum.  The 
air  is  withdrawn  from  the  chamber  and  as  this 
takes  place  the  vapor  pressure  is  lowered.  In 
actual  practice  steam  jets  are  used  to  entrain 
the  air  vapor  mixture  that  is  formed  within  the 
chamber  due  to  the  surface  moisture,  present 
on  all  vegetables,  being  flashed  into  steam. 

Evaporation  cooling  does  not  produce  dehy¬ 
dration.  It  merely  removes  a  small  percentage 
of  the  available  surface  moisture  which  is  in 
immediate  contact  with  all  surfaces  of  the  head 
of  lettuce.  Under  the  vacuum  cooling,  the  head 
is  merely  cooled  and  the  small  amount  of 
moisture  remaining  on  the  lettuce  leaf  is  not 
adequate  to  cause  slime  or  decay  within  the 
normal  expectancy  of  time  required  for  dis¬ 
tribution. 

The  time  required  to  reduce  the  pulp  tem¬ 
perature  of  the  lettuce  to  32°  F.  is  approxi¬ 
mately  30  minutes. 

Receivers  of  lettuce  in  the  terminal  markets 
have  indicated  their  approval  of  the  flash  cool¬ 
ing  process  because  of  the  satisfactory  condi¬ 
tion  of  the  lettuce  at  destination. 

With  the  present  progressive  attitude  on  the 
part  of  perishable  shippers  toward  scientifically 
designed  crates  as  evidenced  by  their  support 
of  research  programs  currently  underway, 
another  year  may  produce  concrete  conclusions 
as  to  what  constitutes  the  most  effective,  effi¬ 
cient,  and  economical  shipping  container. 


Discussion 

'Mr.  Armin  Elmendorf  (Elmendorf  Research 
Inc.) :  Would  you  please  briefly  outline  the 
tests  you  use  for  evaluating  wirebound  boxes? 
Do  you  prefer  to  test  the  box  loaded  or  empty? 
Do  you  use  a  shock  test  or  a  static  loading  test, 
and  if  the  latter,  a  diagonal  compression  or 
corner-to-corner  compression  test? 

Mr.  Jandt:  Wirebound  boxes  and  crates  are 
subjected  to  tests  which  simulate  conditions  ex¬ 
pected  in  actual  shipment.  These  tests  are  dis¬ 
cussed  in  the  paper  presented  by  Mr.  J.  M. 
Ladd. 

For  rough  handling,  the  boxes  are  always 
tested  with  either  actual  contents  or  until  a  defi¬ 


nite  cycle  of  falls  or  impacts  is  completed.  For 
fruit  or  vegetable  containers,  our  rule  is  that 
boxes  must  withstand  30  to  40  falls  in  the  14 
foot  revolving  drum  which  is  2  to  3  times  the 
rough  handling  expected  in  domestic  ship¬ 
ments.  This  practice  has  been  responsible  for 
the  small  amount  of  damage  reported  for  fruit 
and  vegetable  shipments  in  wirebound  boxes. 

To  evaluate  the  box  for  stacking,  tests  are 
made  in  the  compression  machine  with  load 
applied  flat  over  the  entire  top  of  an  empty 
box.  Essentially,  this  is  a  static  loading  test  as 
load  is  applied  slowly.  We  expect  these  fruit 
or  vegetable  boxes  to  withstand  4  or  5  times 
the  expected  stacking  loads  to  provide  a  proper 
margin  against  shocks  or  impacts. 
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Method  of  Utilizing  and  Fabricating  Waste  Lumber 

Albert  E.  Cranston,  Jr. 

President  and  General  Manager,  Cranston  Machinery  Co.,  Inc. 


Short  cuts  and  waste  pieces  of  Itunber  have  been  utilized  in  the  manufactiue  of  wooden  containers  for 
many  years.  Tlie  steel  corrugated  fastener  method  has  been  highly  mechanized  and  widely  used  for  the  salvage 
of  pine  and  some  species  of  fir,  particularly  in  the  food  conniner  box.  The  splined-end  method  of  glued-type 
enos  is  becoming  more  popular  due  to  the  increased  use  of  white  fir  and  larch  liunber  in  the  wooden  box 
industry.  This  system  is  one  that  can  be  used  on  all  lumber  species  and  produces  a  product  that  is  strong 
enough  to  meet  the  most  stringent  tests.  By  the  use  of  automatic  equipment  and  a  good  glued  joint,  short 
pieces  of  waste  can  be  built  up  in  length  and  used  along  with  the  regular  cuts  of  shook  for  box  ends. 


Historical  Background 

OR  the  past  30  years  certain  types  of  waste 
lumber  have  been  salvaged  by  various 
means  in  box  factories  and  lumber  mills. 
One  method  particularly  used  in  the  wooden 
box  container  field  has  involved  the  use  of 
steel  corrugated  fasteners.  At  first  fasteners 
were  furnished  in  the  cut  lengths  and  driven 
by  hand  with  the  use  of  a  hammer  and  a  solid 
bench.  Later,  foot  pedal  machines  were  devel¬ 
oped,  and  still  later  automatic  hopper  feed 
machines  came  into  prominent  use.  Today  ma¬ 
chines  are  available  that  will  hopper-feed,  sta¬ 
ple,  equalize,  and  rip  the  finished  box  end  to 
size  in  one  operation  and  at  the  very  high 
speed  of  50  or  60  double-thickness  ends  a  min¬ 
ute.  The  fasteners  for  these  high-speed  ma 
chines  come  in  50-pound  coils  and  are  cut  for 
length  and  driven  into  the  shook  by  the 
machine. 

Various  types  of  glue  operations  have  also 
been  used  in  more  recent  years.  Some  of  the 
more  popular  methods  include  the  Strong  end, 
as  developed  and  engineered  by  Curt  Strong  of 
The  Weyerhaeuser  Timber  Company,  Klamath 
Falls,  Oregon.  A  similar  principle  is  used  in 
the  Goff  machine,  which  was  developed  some 
time  later.  Another  very  popular  method  is  the 
splined  end,  which  was  first  introduced  by  Dan 
Shook  and  has  been  used  in  the  orange  box 
district  for  the  past  20  or  25  years.  Some  plants 
have  used  the  Linderman-type  ends  successfully 
on  certain  types  of  containers.  Several  other  less 
popular  methods  have  also  been  developed. 

Steel  Corrugated  Fastener  Method 

With  the  use  of  the  foot  pedal-operated  hand 
machines,  most  of  the  end  stock  was  built  up 
of  two  pieces  of  otherwise  waste  lumber.  The 


fasteners  were  also  used  to  reinforce  a  check 
or  crack  in  a  one-piece  box  end  that  otherwise 
would  have  had  to  be  rejected. 

As  labor  costs  increased  and  it  became  nec¬ 
essary  to  save  more  of  the  waste  material  and  to 
utilize  smaller  pieces,  there  developed  a  need 
for  a  faster  and  cheaper  method  of  waste 
salvage. 

The  Cranston  Machinery  Co.,  Inc.  eventually 
developed  such  a  machine,  and  in  about  1932 
the  first  were  put  on  the  market  in  the  states  of 
Washington  and  Oregon.  The  early  models 
hopper-fed  two-piece  end  stock  of  predeter¬ 
mined  widths  at  a  very  rapid  rate.  Later  the 
machines  were  redesigned  to  handle  stock 'of 
random  width,  and  equalizing  and  ripping 
attachments  were  added.  One  of  these  marines 
is  shown  in  Fig.  1. 

This  machine  is  operated  by  two  men  and 
can  produce  upwards  of  50  double  ends  per 
minute.  The  complete  process  of  stapling, 
equalizing,  and  ripping  is  done  in  the  same 
operation.  No  additional  labor  is  required. 
This  particular  operation  is  at  the  Lassen  Lum¬ 
ber  and  Box  Co.,  Susanville,  Calif.,  where  the 
machine  shown  is  fabricating  orange  box  cen¬ 
ters  by  stapling  the  4/4  inch  thickness  with  two 
staples  on  one  side  and  one  on  the  other  side. 
The  ripsaw  attachment  is  directly  behind  the 
fastener  driver,  and  the  saw  to  the  right  is  part 
of  the  equalizer  .attachment. 

Multiple-Piece  Container  Ends 

The  latest  development  in  hopper-fed  cor¬ 
rugated  fastener-driving  machines  embodies 
pneumatically  -  powered,  electrically  -  controlled 
equipment  that  will  fasten  two  or  more  random- 
width  pieces  together  automatically  and  equal¬ 
ize  them  to  length  in  the  same  operation,  as 
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shown  in  Fig.  2,  This  machine  is  operated  by 
one  man  and  will  produce  over  23  double  ends 
per  minute.  A  wide  variety  of  fastener  com¬ 
binations  is  readily  obtained.^ 

Glued-Spline  Method  of  Salvage 

Another  method  of  saving  waste  lumber  in¬ 
volves  insertion  of  a  glued  spline  into  the  end 
grain  of  the  wood.  This  method  is  most  popu¬ 
lar  in  the  salvage  of  associated  species  of  pine 
lumber  such  as  white  fir  and  larch.  Due  to  the 
splitting  and  checking  characteristics  of  these 
species  during  the  drying  and  processing  stages, 
they  are  not  adaptable  to  fastening  by  the  steel 
corrugated  fastener  method. 

This  type  container  end  is  usually  manufac¬ 
tured  by  inserting  a  ^  by  %-inch  spline  into 
the  end  grain  of  the  box  end,  as  shown  in 
Fig.  3.  The  spline  size  is  usually  maintained 


Fig.  3. — Container  end  with  spline  inserted 
into  end  grain. 


regardless  of  the  thickness  of  the  box  ends. 
Tolerance  between  the  spline  dimensions  and 
the  groove  is  held  to  a  minimum,  due  to  the 
fact  that  the  press  action  of  the  joint  is  a  big 
factor  in  setting  the  glue  up  properly.  How¬ 
ever,  after  fhe  box  is  assembled,  the  nails  driven 
through  the  sides  of  the  box  and  into  the 
spline  are  long  enough  to  protrude  through  the 
spline  and  into  the  body  wood  of  the  end 
stock,  and  thus  lock  the  spline  in  place.  This 
gives  the  finished  end  sufficient  strength  for 
most  container  purposes  without  complete  reli¬ 
ance  on  the  glued  joint.  This  feature  is  more 
prominent  in  the  spline-type  end  than  in  other 
glue  processes.  The  spline  also  serves  as  a  stif¬ 
fener  to  prevent  warpage  and  distortion  during 

^  Anon.  Machine  Automatically  Fastens  Multiple- 
Piece  Container  Ends.  1948.  The  Wooden  Box  and 
Crate,  Vol.  X,  No.  3. 


storage  time.  The  splined  end  can  be  made  up 
of  one  or  more  pieces  of  stock  to  reach  a 
desired  box  end  width. 

Automatic  Splining  Machine 

Several  splining  machines  have  been  built 
for  fabricating  fruit  container  ends.  In  the  past 
these  machines  have  been  engineered  and  built 
by  various  box  plants  at  a  very  high  manufac¬ 
turing  cost. 

Realizing  the  necessity  of  an  automatic 
splining  machine,  particularly  where  white  fir 
and  larch  are  being  used,  the  Cranston  Co.  has 
undertaken  development  of  a  standard-model, 
hopper-feed  machine  for  this  purpose,  as  shown 
in  Fig.  4.  A  new  model  machine  will  be  in 
operation  at  the  Setzer  Forest  Products  plant  at 
Sacramento  by  midsummer  of  this  year. 

This  machine  will  be  capable  of  producing 
container  ends  8^  by  10^  inches  up  to  14^ 
by  16^  inches  in  size.  It  will  have  a  top  speed 
of  over  50  double  ends  per  minute,  making  100 
ends  after  they  are  resawn.  The  machine  will 
also  trim  for  length  and  rip  for  width  at  the 
same  operation. 

Short  Cuts  Salvaged 

Carrying  the  waste  salvage  a  step  further, 
the  company  has  developed  an  automatic  ma¬ 
chine  as  shown  in  Fig.  5  for  butt  gluing  end 
stock  of  two  or  three  short  pieces  into  one 
piece  of  the  proper  length  for  various  sizes  of 
container  ends  (Fig.  6).  The  small  blocks  are 
taken  from  the  wood  conveyor  and  placed  in 
the  hopper  of  the  machine.  Here  they  are 
trimmed  for  length  and,  if  necessary,  cut  for 
width.  Then  they  are  tongued  and  grooved, 
glue  is  spread  on  the  joint,  and  they  are 
squeezed  together.  The  finished  block  is  held 
under  pressure  for  a  short  time  to  let  the  glue 
set  up.  All  of  these  operations  are  done  on  the 
machine  automatically. 

The  built-up  section  is  then  processed  along 
with  the  regular-length  waste  stock.  It  is  run 
through  a  corrugated-fastener-driving  machine 
and  becomes  either  the  center  part  of  a  three- 
piece  box  end  or  one  part  of  a  two-piece  end. 
It  can  also  be  processed  by  the  spline  method, 
along  with  the  regular  stock. 

Taking  12  inches  as  an  average  length  of 
container  end,  this  process  will  effect  a  salvage 
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Fig.  4. — Automatic  splining  machine  under  development  by  Cranston  Co.  for  fabrication 
of  fruit  container  ends. 


Fig.  5. — Automatic  machine  developed  for  butt  gluing  end  stock  for  container  ends. 
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Fig.  6. — Butt  joint  devised  for  butt  gluing 
container  ends. 


means  for  any  material  4  inches  or  longer  in 
length  and  3  or  4  inches  in  width.  These  blocks 
can  be  handled  very  fast  and  economically  with 
a  minimum  of  labor  cost. 

Summary 

The  problems  of  salvage  on  waste  enter  into 
two  different  groups.  One  group  has  to  do 


with  salvaging  what  might  be  called  popular  or 
premium  species  of  lumber.  This  problem 
deals  with  saving  every  scrap  of  wood  that  can 
be  put  to  some  practical  purpose  economically. 
The  trade  has  recognized  the  steel  corrugated- 
fastener  method  to  a  large  degree  in  this  group, 
particularly  in  wooden  containers. 

The  second  part  of  the  salvage  problem  seems 
to  be  that  of  reenforcing  and  improving  on 
lesser  used  species  of  box  lumber,  such  as  fir 
and  larch.  This  part  requires  that  the  method 
of  salvage  produce  a  finished  article  that  will 
compare  with  the  product  manufactured  from 
the  so-called  standard  species  and  grades  of 
lumber.  The  spline  method  produces  a  com¬ 
parable  product  from  less  adaptable  species  of 
lumber  and  can  be  used  in  salvaging  both  types 
of  material. 


Discussion 

Mr.  /.  M.  Ladd  (General  Box  Co.) :  How 
thin  may  container  material  be,  and  yet  be  fab¬ 
ricated  by  the  splined  method,  that  is,  by  in¬ 
serting  a  spline  into  the  end  grain  of  the 
material  ? 

Mr.  Cranston:  As  far  as  I  know,  the  thinnest 
container  material  that  has  been  reclaimed  by 
this  method  is  orange  box  ends  which  are  as 
thin  as  of  an  inch.  However,  I  see  no  rea¬ 
son  why  container  material  of  %  inch  or  1/2 
inch  thickness  could  not  be  salvaged  by  this 
method.  The  speed  of  assembling  these  pieces, 
along  with  i:heir  dollar  value  after  completion, 
in  comparison  to  the  cost  of  a  similar  solid 
piece  of  material  would  determine  the  practic¬ 
ability  of  the  process. 

Mr.  C.  F.  Van  Epps  (Stromberg-Carlson 
Co.) :  Are  we  overdesigning  our  boxes  as  we 
generally  do  in  furniture? 

Mr.  Cranston:  There  are  perhaps  some  types 
of  boxes  that  have  been  submitted  to  the  trade 
that  were  overdesigned.  However,  these  boxes 
seldom  reach  the  trade  due  to  manufacturing 
cost  or  other  undesirable  features.  The  railroad 
restrictions  on  containers,  and  the  desirability 
of  saving  scrap  lumber,  along  with  the  constant 


effort  to  lower  the  footage  in  a  container,  are 
responsible  for  most  of  the  changes  in  con¬ 
tainers. 

Mr.  Ransame  (Oregon  State  College) :  Are 
there  any  experiments  with  butt-jointed  short- 
blocks  using  finger  joints? 

Mr.  Cranston:  There,  no  doubt,  have  been 
experiments  along  these  lines,  but,  as  far  as  I 
know,  nothing  practical  has  been  developed  for 
butt-gluing  short  blocks  on  the  end  grain  of 
the  wood.  Short  blocks  have  been  glued  on  the 
end  grain  by  the  use  of  a  tongue  and  groove, 
usually  of  the  tapered  design,  to  eliminate  as 
much  as  possible  the  moisture  factor  in  regard 
to  the  glue. 

Mr.  Don  Burnet  (Burnet  Box  Co.) :  Who  is 
responsible  for  the  acceptance  and  inauguration 
of  technical  research  developments?  What 
course  is  open  when  the  industry  itself  is  so 
tradition-bound  'that  most  all  change  is 
opposed  ? 

Mr.  Cranston:  Design  changes  in  containers 
are  due  to  railroad  restrictions,  efforts  to  de¬ 
crease  the  footage  or  cheapen  the  container 
from  the  manufacturer’s  standpoint,  or  some¬ 
times  the  users  themselves  request  a  change  due 
to  advantage  in  handling  or  merchandising. 
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Apple  and  pear  growers  are  accepting  the 
splined  end  which  has  just  recently  been  offered 
them.  Some  growers  are,  of  course,  skeptical  of 
changing  from  the  conventional  container,  but 
in  the  past  it  has  been  only  a  matter  of  time 
until  this  opposition  is  overcome.  This,  of 
course,  holds  true  only  if  the  change  is  as  good 
as,  if  not  better  than,  the  conventional  con¬ 
tainer.  I  feel  confident  that  the  splined  end  will 
be  accepted  one  hundred  per  cent  in  the  near 
future  by  the  apple  and  pear  growers. 

Air.  /.  B.  Grantham  (Oregon  State  College) : 
In  making  glued-up  products  from  shorts,  have 
you  experimented  with  gluing  plain  butt  joints, 
that  is,  without  tongue  and  groove,  scarf,  or 
finger  joint? 


Air.  Cranston:  There  has  been  considerable 
experimenting  with  glued  joints  to  salvage 
short  stock.  These  pieces  can  be  saved  with  a 
plain  butt  joint  if  the  joint  is  made  on  the  side 
grain,  but  they  have  never  been  successfully 
glued  on  the  end  grain,  to  my  knowledge, 
without  the  aid  of  a  tongue  and  groove  joint. 

What  is  the  comparative  cost  of  salvage  be¬ 
tween  the  fastener  method  and  the  glued-end 
method  ? 

Mr.  Cranston:  The  cost  of  either  of  these 
two  methods  will  vary  considerably  in  different 
plants.  Where  the  fastener  method  is  applicable 
it  is  the  cheaper  method  due  to  two  main  rea¬ 
sons.  First,  there  is  no  footage  loss  in  the  mate¬ 
rial,  and  the  cost  of  manufacturing  the  spline 
is  eliminated. 
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Tests  of  Strapped  and  Lightweight  Lettuce  Crates 

Earl  C.  Myers 

Director  of  Research,  The  Wooden  Box  Institute 


Laboratory,  packing,  and  transportation  tests  of  lettuce  crates  were  made  to  determine  the  effectiveness  of 
gitthwise  straps  in  increasing  strength  of  both  standard  crates  and  crates  made  with  thinner  slats,  head  rails, 
and  posts.  Results  showed  that  strapped  crates  performed  better  than  similar  unstrapped  crates  and  that 
strapped  lightweight  crates  were  nearly  as  strong  as  standard  crates  not  strapped. 


Introduction 

VER  30  million  lettuce  and  carrot  crates 
were  used  in  the  West  and  Southwest 
last  year.  The  dimensions  and  construc¬ 
tion  of  both  of  these  crates  are  similar.  The 
crate  consists  of  two  heads,  side  and  bottom 
slats  and  a  cover.  The  heads  are  of  framed 
panel  construction.  The  head  frame  (two  rails 
and  two  posts)  is  joined  with  a  spike  at  each 
corner  through  the  rail  into  the  post.  One  panel 
and  two  slats  are  nailed  to  the  head  frame  to 
form  the  complete  head.  Side  and  bottom  slats 
are  nailed  to  the  heads  to  form  the  crate.  After 
packing,  the  cover  is  nailed  to  the  crate  heads. 
All  parts  except  the  cover  are  usually  sawn 
wood.  The  cover  is  veneer,  consisting  of  slats 
and  cleats  joined  by  metal  staples  or  stitches. 

Most  vegetables,  including  lettuce  and  car¬ 
rots,  are  normally  bulge-packed  with  ice  in  the 
container,  and  refrigerator  cars  are  loaded  with 
ice  on  and  between  the  crates.  Crates  are  loaded 
on-side  lengthwise.  This  method  of  loading 
causes  severe  stresses  and  deflections  in  the  slats 
when  the  car  is  subjected  to  switching  impacts. 
Recently,  railroads  have  taken  steps  to  restrict 
the  cover  bulge  and  crate  girth  in  an  effort  to 
reduce  the  damaging  effect  of  this  rough  han¬ 
dling.  The  presence  of  melting  ice  in  and  near 
the  package  results  in  some  increase  in  the 
moisture  content  of  the  wood. 

Vegetables  are  perishable  and  must  be  han¬ 
dled  through  the  packing  shed  and  into  refrig¬ 
erator  cars  or  trucks  with  great  speed.  Because 
of  this  and  other  reasons  the  fresh  vegetable 
industry  has  become  highly  mechanized.  Pack¬ 
ing  sheds  have  been  built  and  equipped  to  do 
specific  jobs  with  particular  materials,  including 
packages.  Conveyors,  packing  stands,  and  crate 
framing  and  lidding  machines  have  been  in¬ 
stalled  in  most  sheds  to  handle  the  nailed  vege¬ 


table  crate.  In  addition,  containers  now  in  use 
are  adaptable  to  common  carrier  equipment, 
both  rail  and  truck.  When  considering  changes 
in  container  specifications,  thought  must  be 
given  to  the  effect  such  changes  may  have  on 
the  use  of  existing  shed  and  carrier  equipment. 
The  advantages  of  any  container  specification 
change  must  be  great  enough  to  more  than  bal¬ 
ance  the  cost  of  changes  or  replacements  of 
equipment  that  would  be  required. 

To  develop  strength  data  on  suggested  pos¬ 
sible  changes  in  the  vegetable  crate  and  to 
evaluate  the  effect  of  these  changes  on  existing 
shed  and  carrier  equipment,  the  Wooden  Box 
Institute  performed  laboratory  tests  on  standard 
and  lightweight  lettuce  crates,  both  strapped 
and  not  strapped,  and  in  addition  made  packing 
shed  and  transportation  tests  on  standard  let¬ 
tuce  crates,  with  and  without  straps. 

Crates  Tested  in  the  Laboratory 

Sixty  crates,  all  made  with  white  fir  rails, 
posts,  head  slats  and  panels,  and  side  and  bot¬ 
tom  slats,  were  tested  in  the  laboratory.  Unit¬ 
ized  covers  were  made  with  spruce  veneer  cleats 
and  slats.  All  crates  were  assembled  by  driving 
three  fourpenny,  cement-coated  box  nails 
through  the  end  of  each  slat  into  the  head 
frame.  The  framed  crate  heads  were  assembled 
with  each  rail  fastened  edgewise  to  the  end  of 
each  post  with  one  eightpenny,  cement-coated 
box  nail,  three,  threepenny  nails  through  the 
panel  into  each  rail,  and  four  threepenny  nails 
through  each  end  slat,  two  into  the  post  and 
one  into  each  rail.  The  covers  were  attached 
with  six  fivepenny,  cement-coated  box  nails 
through  each  cleat  into  the  rail.  The  dimen¬ 
sions  of  all  crates  were  13%  inches  inside 
depth,  17^  inches  inside  width,  and  241/^ 
inches  outside  length.  All  head  slats  were 


83 


Laboratory  Test  Procedure 

After  conditioning  of  the  crates,  each  was 
filled  with  a  dummy  load  and  lidded.  Crates  B, 
C,  and  D  were  strapped  girthwise  at  the  center. 
The  dummy  load  weighed  100  pounds  and  con¬ 
sisted  of  dummy  apples  in  bags  and  a  wooden 
filler  box  at  the  center  of  the  load.  The  filler 
box  was  designed  to  give  the  proper  bulge  and 
girth.  The  actual  average  measured  cover  bulge 
on  crates,  both  strapped  and  not  strapped,  was 
2^  inches.  The  actual  average  measured  girth 
was  66%  inches  for  the  crates  that  were  not 
strapped  and  63^8  inches  for  the  strapped 
crates.  Present  railroad  tariffs  permit  a  2%-inch 
bulge  and  68%-inch  girth.  Crates  ready  for  test 
are  shown  in  Figs.  1  and  2, 


by  2%  by  12%  inches.  All  head  panels  were 
3%  t)y  12%  inches.  Cover  cleats  were 

^  by  1%  by  16%  inches.  All  crates  had  three 
cover  slats,  each  1/9  by  4%  by  24%  inches. 
Other  crate  specifications  were  as  follows  (all 
dimensions  shown  are  in  actual  inches,  nominal 
thicknesses  of  slats  are  ^  inch  greater) : 

Crate  A,  standard  vegetable  crate: 

4  rails  1^  by  1%  by  17^ 

4  posts  1%  by  1%  by  11 

9  slats  by  3%  by  24^ 

Crate  B: 

Same  as  crate  A,  with  the  addition  of  one 
%  by  0.015-inch  flat  band  girthwise  at 
the  center. 

Crate  C: 

4  rails  1^  by  1%  by  17^ 

4  posts  lYg  by  1%  by  11 

9  slats  by  3%  by  24% 

1  flat  band  %  by  0.015  girthwise  at  center. 

Crate  D: 

4  rails  %  by  1%  by  17% 

4  posts  %  by  1%  by  11 

9  slats  gV  t>y  3%  by  24% 

1  flat  band  %  by  0.015  girthwise  at  center. 

Crate  E: 

4  rails  %  by  1%  by  17% 

4  posts  %  by  1%  by  11 

9  slats  g»g  by  3%  by  24% 

Conditioning  of  Crates 

All  crates  for  laboratory  tests  were  assem¬ 
bled  from  dry  shook  at  10  to  12  percent  mois¬ 
ture  content.  Some  crates  were  then  conditioned 
before  testing  to  "moist”  or  "wet”  to  simulate 
the  range  of  moisture  content  values  that  might 
prevail  in  a  refrigerator  car  with  melting  ice. 
"Dry”  crates  were  tested  at  the  same  moisture 
content  as  when  nailed  (10  to  12  percent). 
"Moist”  crates  were  sprayed  with  water  for  3 
to  5  hours  immediately  before  test.  The  mois¬ 
ture  content  of  the  moist  crate  slats  varied  from 
31  to  67  percent  and  averaged  42  percent. 
"Wet”  crates  were  soaked  in  water  for  two 
days.  The  moisture  content  of  the  wet  crate 
slats  ranged  from  63  to  82  percent  and  averaged 
72  percent. 


Fig.  1. — Standard  lettuce  crate  (A)  packed  and 
lidded  ready  for  the  incline-impact  test.  This  crate 
has  ^-inch  side  and  bottom  slats  and  1%-inch  rails 
and  posts. 


Fig.  2. — Lettuce  crate  packed,  lidded,  and  strapped 
ready  for  the  edgewise-drop  test.  This  crate  was 
tested  after  soaking  in  water  for  48  hours.  It  has 
^-inch  side  and  bottom  slats  and  IV^-inch  rails  and 
posts  (Crate  C).  Strap  is  by  0.015-inch  flat  steel 
band. 
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Two  kinds  of  tests  were  made,  edgewise- 
drop  and  incline-impact. 

Edgewise-drop  tests  were  made  by  dropping 
the  filled  and  lidded  crate  edgewise  from 
heights  of  12  inches.  Drops  were  made  in  se¬ 
quence  on  the  edges  of  each  end  and  then  on 
the  bottom-side  edges  and  the  top-side  edges. 
Drops  were  continued  until  some  part  of  the 
crate  was  completely  broken  or  unfastened.  Re¬ 
sults  were  recorded  as  the  number  of  drops  to 
cause  failure.  A  drop  test  is  shown  in  Fig.  3. 


Fig.  3. — Standard  lettuce  crate  (Crate  A)  sus¬ 
pended  for  first  drop  in  12-inch  edgewise-drop  test. 
Operator  is  about  to  trip  release,  permitting  crate  to 
drop  onto  concrete  slab.  Subsequent  drops  will  be 
made  on  other  edges  of  crate  in  standard  sequence. 
This  crate  had  been  sprayed  with  water  for  four 
hours  prior  to  test. 

Incline-impact  tests  were  made  on  a  standard 
conbur  testing  machine.  The  crate  under  test 
was  mounted  on  the  dolly  lengthwise  on-side  in 
front  of  a  "load”  box  and  with  its  leading  end 
projecting  6  inches  beyond  the  front  edge  of 


the  dolly.  The  load  box  was  filled  with  sand 
bags.  The  combined  weight  of  the  bags,  sand, 
load  box,  and  dolly  was  413  pounds.  The  dolly 
was  pulled  up  the  incline  until  the  leading  end 
of  the  crate  being  tested  was  a  multiple  of  6 
inches  from  the  barrier.  Four  runs  were  made 
from  each  distance.  The  first  four  runs  were 
made  from  6  inches,  the  second  four  from  12 
inches,  then  18  inches,  and  so  on.  The  runs 
were  continued  until  the  crate  failed.  Results 
were  recorded  as  the  energy  absorbed  by  the 
crate.  The  energy  absorbed  is  the  product  of 
the  sum  of  the  vertical  components  of  distance 
through  which  the. crate  moved  and  the  total 
weight  (crate,  contents,  dolly,  load  box,  bags, 
and  sand). 

The  drop  test  was  designed  to  measure  the 
resistance  to  rough  handling  of  individual 
crates.  The  incline-impact  test  was  designed  to 
measure  the  resistance  of  the  crates,  when 
loaded  in  refrigerator  cars,  to  impacts  caused 
by  rough  handling  of  the  cars,  especially  in 
switching  yards. 


Fig.  4. — Automatic  wire-tying  machine  used  in 
packing-shed  tests.  Machine  has  air-powered  arms  to 
hold  crate  sides  and  cover  in  compressed  position 
while  wire  is  wrapped  around  crate  and  tied. 
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Fig.  5. — View  of  partially  loaded  test  car.  Loading 
is  in  accordance  with  standard  pattern  and  bracing 
method  required  by  railroad  tariffs.  The  end  gate  and 
two  rows  of  strapped  crates  along  one  side  of  car 
are  shown. 


Fig.  6. — Typical  failure  of  lettuce  crate  in  edge- 
wise-drop  test.  This  is  a  standard  lettuce  crate  (A), 
soaked  for  48  hours  prior  to  test.  Failure  occurr^ 
after  the  seventh  12-inch  drop,  and  was  caused  by 
nails  pulling. 


Fig.  7. — Failure  of  lettuce  crate  in  incline-impact  test.  This  crate  was  made  with  A -inch  side  and  bottom 
slats  and  was  strapped  with  one  V4  by  0.015-inch  flat  steel  band  (crate  C.).  Just  before  the  test  the  crate  was 
sprayed  with  water  for  3V2  hours.  Failure  occurred  after  the  crate  absorbed  6,560  foot-pounds  of  energy. 
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Packing  and  Shipping  Tests 
Packing  tests  were  made  at  the  K.  R.  Nut¬ 
ting  Co.,  Salinas,  Calif.  Tests  were  restricted 
to  standard  lettuce  crates  with  and  without 
girthwise  straps.  An  automatic  wire-tying  ma¬ 
chine  using  15^-gage  galvanized  wire  was  in¬ 
stalled  and  operated  by  the  Mutual  Binding 
Machines  Co.,  Oak  Grove,  Oreg.  The  machine 
is  shown  in  operation  in  Fig.  4.  The  packing 
tests  were  designed  to  determine  the  ability  of 
the  wire-tying  machine  to  handle  the  output  of 
the  shed  without  interfering"  with  normal  pro¬ 
duction,  and  the  extent  of  shed  equipment 
alterations  or  additions  required. 

The  regular  carloading  method  was  used  for 
the  test  cars.  A  partially  loaded  car  is  shown 


in  Fig.  5.  Inspection  of  cars  at  point  of  origin 
was  made  by  the  research  staff  of  the  Western 
Growers  Association.  This  organization  also 
provided  inspection  service  on  three  test  cars 
unloaded  in  New  York.  Two  cars  unloaded  in 
Philadelphia  were  inspected  by  the  Packaging 
Service  Corp.  and  the  Railroad  Perishable  In¬ 
spection  Agency.  One  test  car  was  diverted  and 
was  not  inspected  at  destination. 

Laboratory  Test  Results 

The  results  of  individual  tests  and  the  main 
causes  of  failure  are  shown  in  Tables  1  and  2. 
A  typical  drop  test  failure  is  shown  in  Fig.  6, 
and  an  incline-impact  test  failure  is  shown  in 
Fig.  7. 


Table  1. — Results  of  12-Inch  Edgewise-Drop  Tests  of  Lettuce  Crates  Made 
TO  Various  SPEaFiCATioNS 


Crate  specification 

Code  Special  features 

A  Standard  crate. . . . 


B  Standard  crate  with  strap. 


C  i^inch  slats  with  strap. 


D  ^inch  slats,  t^inch  rails  and  posts,  strap 


E  I'l'-inch  rails  and  poets. 


Moisture 

Number  of  di 

condition 

to  failure 

Dry 

6 

Dry 

9 

Dry 

7 

Dry 

4 

Dry 

Av. 

“6)4 

Moist 

9 

Wet 

7 

Wet 

8 

Wet 

9 

Wet 

Av, 

8 

Dry 

10 

Dry 

10 

Dry 

10 

Dry 

9 

Dry 

Av. 

Moist 

10 

Wet 

7 

Wet 

10 

Wet 

9 

Wet 

Av, 

Dry 

9 

Dry 

9 

Dry 

9 

Dry 

6 

Dry 

Av. 

Moist 

7 

Wet 

5 

Wet 

9  - 

Wet 

1 

Wet 

Av, 

5 

Dry 

9 

Moist 

8 

Wet 

7 

Dry 

9 

Moist 

7 

Wet 

1 

Primary  cause  of  failure 

Cross  grain  in  slat 
Wood  shear  and  break 
Cross  grain  end  panel 
Cross  grain  end  panel 


End  open 
Nail  pull 

Wood  shear  in  cover  slat 
End  open,  nail  pull 


Wood  shear  at  nails 
End  open,  wood  split 
Slat  break 

Wood  shear  and  break 


End  open 

Cover  slat  break 
Wood  shear  at  nails 
Cover  slat  shear 


Bind  panel  break 
Cover  slat  shear 
Wood  shear  at  nails 
Wood  shear  at  nails 


Cover  slat  shear 

Wood  shear  at  nails 
Wood  shear  and  nail  pull 
End  panel  break 


Slat  break 
Cover  slat  shear 
Wood  shear  at  nails 
Bind  panel  break 
Cover  slat  shear 
Nail  pull 
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Table  2. — Results  of  Incline-Impact  Tests  of  Lettuce  Crates  Made  to  Various  Speofications 


Crate  specification 

Code  Sp^ial  features 

A  Standard  crate . . . 


B  Standard  crate  with  strap. 


C  ^inch  slats  with  strap 


D  A'ioch  slats,  J's-^nch  rails  and  posts,  strap. 


E  Ji-inch  rails  and  posts. 


Relative  average  test  values  for  the  various 
crates,  based  on  100  for  standard  lettuce  crates 
(A),  are  shown  in  Table  3.  The  strapped  light¬ 
weight  slat  crate  (C)  is  nearly  as  strong  as  the 
standard  crate  not  strapped  (A).  The  standard 

Table  3. — Relative  Average  Test  Values  for 
Lettuce  Crates  Made  to  Various  Specifica¬ 
tions,  Expressed  as  Percent  of  Values  for 
Crate  A 


Relative  average  test  values 

Crate  specification 

Incline- 

impact 

All 

Code  Special  features 

test 

test 

tests 

Percent 

Percent 

Percent 

A 

Standard  crate. . . 

...  100 

100 

100 

u 

Standard  crate  with  strap. . . 

...  125 

186 

156 

C 

A-inch  slats,  strap _ 

86 

96 

91 

D 

A-inch  slats,  T^mch  rails  and 

posts,  strap _ 

102 

46 

74 

E 

7/g-ioch  rails  and  posts _ 

72 

79 

76 

Moisture 

Energy  absorbed 

condition 

to  failure 
Foot-pounds 

Primary  cause  of  failure 

Dry 

7,330 

Slat  break 

Dry 

2,  980 

Slat  break 

Dry 

3,810 

Slat  break 

Dry 

6,940 

Slat  break  and  split 

Dry 

Av.  5, 265 

Moist 

4,  780 

Nail  pull 

Wet 

3,310 

Nail  pull 

Wet 

5,810 

Slat  break 

Wet 

2,980 

Slat  break 

Wet 

4,033 

Dry 

11,000 

Slat  break 

Dry 

16,  500 

Slat  break 

Dry 

11,500 

Slat  break 

Dry 

3, 260 

Slat  break 

Dry 

Av.  10, 565 

Moist 

6,990 

Slat  break 

Wet 

5,830 

Slat  break 

Wet 

8,620 

Slat  break 

Wet 

11,500 

Slat  break 

Wet 

Av.  8, 650 

Dry 

2,  490 

Slat  break 

Dry 

5,810 

Slat  break 

Dry 

5,810 

Slat  break 

Dry 

3, 260 

Slat  break 

Dry 

Av.  4, 342 

Moist 

6,  550 

Slat  break 

Wet 

1. 280 

Wood  shear  at  nails 

Wet 

3,530 

Slat  break 

Wet 

2, 980 

Slat  break 

Wet 

Av.  2, 597 

Dry 

3,  530 

Slat  break 

Moist 

2,050 

Cross  grain  in  slat 

Wet 

960 

Slat  break 

Dry 

815 

Cross  grain  in  slat 

Moist 

9,990 

Comer  open,  rail  split 

Wet 

262 

Nail  pull 

crate  strapped  (B)  gave  the  best  performance 
of  all  crates.  The  lightweight  slat  and  head 
crate  with  strap  (D)  and  the  lightweight  head 
crate  not  strapped  (E)  showed  relatively  low 
strength  based  on  fewer  tests. 

The  eflFect  of  wood  moisture  content  at  the 
time  of  test  is  shown  in  Table  4.  Dry  and 

Table  4. — Effect  of  Crate  Moisture  Condition 
ON  Relative  Average  Test  Values,  Expressed 
AS  Percent  of  Values  for  Dry  Crates 

Relative  average  test  values 
Incline- 

Drop  impact  All 
Moisture  condition  of  crate  test  test  tests 

Percent  Percent  Percent 


Dry .  100  100  100 

Moist .  96  124  110 

Wet .  72  67  70 
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moist  crates  performed  about  the  same.  Wet 
crates  showed  considerably  less  strength.  Nail 
pulling  was  a  principle  cause  of  failure  only  in 
wet  crates,  indicating  a  lessening  of  nail-holding 
power  for  wet  wood. 

Table  5  shows  the  comparison  between  all 
crates  made  with  /j-inch  slats  not  strapped  and 

Table  5. — Comparison  of  Relative  Average  Test 
Values  for  Lettuce  Crates  Made  With 
INCH  Slats  and  Strapped  Lettuce  Crates 
Made  With  ^j-Inch  Slats 

Relative  average  teat  values 

Crate  specification  Incline- 

-  Drop  impact  All 

Code  Special  features  test  test  tests 

A,  E  A-inch  slats . . .  86  90  88 

C,  D  A-inch  slats,  strapped _  94  71  82 

all  crates  made  with  -inch  slats  strapped. 
Based  on  these  averages,  the  standard-thickness 
slats  not  strapped  show  slightly  greater  strength 
than  the  lightweight  slats  strapped. 

The  effect  of  rail  and  post  thickness  is  shown 
in  Table  6.  The  results  indicate  that  the  %-inch 
rails  and  posts  do  not  provide  as  much  strength 
as  the  standard  1^-inch  rails  and  posts. 

Table  6. — Comparison  of  Relative  Average  Test 


Values  for  Lettuce  Crates  Made  With  li/g- 
Inch  Rails  and  Posts  and  Crates  Made  With 
%-Inch  Rails  and  Posts 

Relative  average'test  values 

Crate  specification 

Drop 

test 

Incline- 
impact  All 

test  tests 

Code  Special  features 

A,  C  1-H-inch  rails  and  posts _ 

D,  E  J/^inch  rails  and  posts _ 

-  93 

.  84 

98  96 

62  73 

Packing  and  Shipping  Test  Results 

Actual  packing  shed  trials  on  crates  for  six 
carloads  of'  lettuce  demonstrated  the  adequacy 
of  the  automatic  wire  tying  machine  for  the 
strapping  job.  The  machine  was  installed  on 
the  main  conveyor  behind  the  lidding  machine 


Discussion 

Mr.  A.  E.  Cranston  (Cranston  Machinery 
Co.,  Inc.) :  Could  automatic  wire  tying  ma¬ 
chines  be  used  on  export  packages  of  vegetables 
that  are  now  mainly  strapped  with  hand  tools.? 

Mr.  Myers:  Export  packages  of  vegetables 
for  both  military  and  civilian  use  are  usually 
double  strapped  before  being  loaded  aboard 
ship.  This  strapping  is  usually  done  by  the  sup- 
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with  no  change  in  existing  equipment.  The 
wire  tie  was  effective  in  obtaining  a  reduction 
of  approximately  ^  inch  in  cover  bulge.  The 
crate  girth  was  also  measurably  reduced  by  the 
strapping. 

Carloading  was  accomplished  with  no  change 
in  procedure  from  that  used  for  the  standard 
crates  not  strapped. 

Based  on  information  contained  in  Railroad 
Perishable  Inspection  Agency  reports,  special 
inspections  made  for  The  Wooden  Box  Insti- 
•  tute  by  the  Packaging  Service  Corp.,  and  pub¬ 
licity  released  by  the  U.  S.  Department  of  Agri¬ 
culture,  64  percent,  as  many  strapped  crates 
required  recoopering  service  or  were  delivered 
in  bad  order,  as  was  the  case  for  the  crates  not 
strapped. 

Conclusions 

Lettuce  crates  made  with  -inch  slats  and 
strapped  were  nearly  as  strong  in  laboratory 
tests  as  standard  crates  made  with  |f^-inch  slats 
but  not  strapped. 

For  additional  resistance  to  rough  handling, 
if  such  is  needed,  standard  lettuce  crates  with 
ifj-inch  slats  may  be  strapped  girthwise  with  a 
single  strap  at  the  center.  In  transportation  tests 
this  reinforcement  effects  a  reduction  of  about 
one-third  in  the  number  of  crates  requiring 
recoopering  service  or  delivered  in  bad  order. 

Vegetable  crates  may  be  strapped  in  packing 
sheds  with  automatic  wire-tying  equipment 
without  interfering  with  normal  production  and 
without  change  in  existing  equipment. 

High  moisture  content  of  wood  adversely 
affects  the  holding  power  of  slat  nails  in  lettuce 
crates.  Moderate  increases  in  moisture  content 
do  not  materially  affect  strength. 

Strapping  was  effective  in  both  the  laborator)’ 
tests  and  actual  service  trials  in  reducing  appre¬ 
ciably  the  bulge  and  the  girth  of  lettuce  crates. 


plier  of  the  vegetables  at  his  warehouse  prior 
to  delivery  to  the  dock.  For  large  and  recurring 
shipments,  automatic  wire  tying  equipment 
would  undoubtedly  be  economical.  Dry  pack 
vacuum  cooled  lettuce  is  now  being  wire  tied 
for  export  on  automatic  machines  in  the  Salinas, 
California  district.  If  only  a  few  crates  are  occa¬ 
sionally  shipped  export  from  a  particular  ware¬ 
house,  manually  operated  tools  would  probably 
be  used. 
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Mr.  E.  R.  Stivers  (Package  Research  Labora¬ 
tory)  :  If  the  shipper  guarantees  size  and  count 
of  contents,  is  a  bulge  pack  necessary? 

Mr.  Myers:  Fresh  fruits  and  vegetables  tend 
to  shrink  during  the  normal  shipping  and  ware¬ 
housing  period.  To  prevent  the  development  of 
a  slack  pack  it  is  necessary  to  provide  a  con¬ 
tainer  that  will,  in  effect,  shrink  with  the  mer¬ 
chandise.  A  bulge  cover  on  the  nailed  crate 
effectively  follows  the  contents  down  as  it 
shrinks  and  prevents  it  from  becoming  loose. 
If  fresh  fruits  and  vegetables  are  loose  in  the 
package  they  are  much  more  liable  to  cuts  and 
bruises  due  to  normal  handling  of  the  package. 
The  fresh  fruit  and  vegetable  industry  has 
always  merchandised  its  products  on  a  unit 
package  basis,  and  a  tight  pack  with  a  reason¬ 
able  bulge  is  merely  a  guarantee  of  full  weight. 
In  recent  years  flat  packs  have  been  introduced 
for  certain  commodities,  and  receivers  report 
that  although  the  size  and  count  are  supposed 
to  be  identical  with  the  standard  bulge  pack, 
the  packages  are  often  short  weight. 

Mr.  E.  G.  Stern  (Virginia  Polytechnic  Insti¬ 
tute)  :  I  wonder  whether  consideration  had 
been  given  to  selection  of  the  proper  nails  for 
assembling  the  crates? 

Thirteen  per  cent  of  the  drop-tested  crates 
failed  in  nail  pulling.  Cement-coated  nails  were 
used.  The  efficiency  of  cement  coating  varies 
with  the  cement  coating  material  and  its  appli¬ 
cation.  Were  any  tests  performed  on  the  type 
of  nails  used?  Provided  the  cement  coating 
applied  gave  best  possible  service,  the  use  of 
properly  grooved  nails  wOuld  have  eliminated 
crate  failures  as  a  result  of  insufficient  with¬ 
drawal  resistance. 

Twenty  per  cent  of  the  drop-tested  crates 
failed  in  wood  shear  at  nails.  Use  of  a  smaller 
nail-shank  diameter  would  have  decreased  the 
occurrence  of  wood  shear  along  the  nail  axis 
since  the  splitting  tendency  of  the  smaller- 
diameter  nails  is  smaller. 

A  smaller  shank  diameter  would  be  justified 
by  use  of  properly  grooved  nails  since  the  with¬ 
drawal  resistance  of  grooved  nails  is  superior 
'  to  that  of  cement-coated  plain-shank  nails.  Pos¬ 
sibly,  even  a  smaller  number  of  grooved  nails 
would  provide  the  required  holding  power  than 
that  used  for  the  tested  crates. 

The  statement  that  nail  pulling  was  a  prin¬ 
cipal  cause  of  failure  only  in  wet  crates  is  in¬ 


dicative  of  the  limited  efficiency  of  cement- 
coated  nails  particularly  in  comparison  with  the 
efficiency  of  properly  grooved  nails. 

In  consideration  of  the  observations  made,  it 
is  suggested  that  this  study  be  extended  to  a 
study  which  will  indicate  which  size  and  type 
of  nail  provides  optimum  service.  It  is  entirely 
feasible  that  a  slightly  more  expensive  nail  will 
result  in  considerable  final  savings. 

Air.  Myers:  Mr,  Stern  has  probably  done  as 
much  research  into  the  characteristics  of  various 
kinds  of  nails  as  anyone  in  the  country.  I  am 
sure  he  appreciates  the  importance  of  selecting 
the  proper  nail  for  the  specific  use  intended. 
The  Institute  Laboratory  has  made  many  inves¬ 
tigations  of  various  kinds  of  nails  for  the 
assembly  of  produce  and  industrial  containers. 
In  the  series  of  tests  reported  on  here  we  are 
not  in  the  least  concerned  about  the  1 3  per  cent 
of  the  drop  tested  crates  that  failed  due  to  nail 
pulling,  in  fact  this  might  be  an  indication  of 
the  balanced  design  of  the  crate.  All  of  these 
tests  were  continued  to  failure.  Had  none  of 
the  crates  failed  due  to  nail  pull  we  would 
suspect  that  too  many  nails  had  been  used  for 
balanced  design.  It  is  quite  possible  that  with 
other  types  of  nails  having  greater  holding 
power,  crates  of  equal  strength  could  be  made 
with  fewer  nails. 

Wood  shear  failures  are  of  two  types — the 
nail  head  may  pull  through  the  slat  or  the 
nailed  shank  may  pull  out  the  end  of  the  slat. 
To  increase  the  shear  resistance,  it  is  necessary 
to  increase  the  nail  head  area  by  using  more 
nails  or  larger  heads,  or  it  is  necessary  to  in¬ 
crease  the  shank  diameter,  or  use  more  nails. 

In  the  tests  reported  here,  the  frequency  of 
occurrence  of  these  types  of  shear  failures 
would  not  seem  to  indicate  that  any  change 
was  necessary. 

In  our  tests  on  annularly  grooved  nails,  we 
found  their  holding  power  was  much  greater 
than  cement-coated  nails.  These  grooved  nails 
also  cost  more  per  pound  than  cement-coated 
nails.  We  have  suggested  their  use  in  many 
special  instances,  as  for  re-usable  beverage  cases. 

Mr.  Stern’s  careful  analysis  of  the  test  data 
and  his  constructive  suggestions  are  appreci¬ 
ated.  We  will  in  all  future  container  research 
consider  the  use  of  special  nails  wherever  they 
seem  to  offer  better  container  performance  and 
.  greater  economy. 
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Recent  Developments  in  Containers' 

W.  Butterworth 

Timber  Mechanics  Division,  Ottawa  Laboratory,  Forest  Products  Laboratories  of  Canada' 


This  paper  describes  a  style  of  wooden  box  with  cleats  in  three-way  comer  construction;  two  types  of 
re-use  container;  and  a  program  of  work  to  develop  moulded  staves  for  use  in  the  cooperage  industry.  The 
wooden  box  is  very  robust  and  economical  of  matenal;  its  strength  allows  use  of  thinner  lumber.  A  number 
of  examples  of  its  use  are  described.  The  re-use  containers  are  cleared  plywood  boxes  and  incotporate  new 
features  for  easy  opening  and  closing  without  the  use  of  tools.  The  woik  on  tight  cooperage  is  aimed  at 
developing  an  economical  method  of  moulding  standard  staves.  This  will  make  a  barrel  demountable  and 
facilitate  shipment  for  re-use. 


This  paper  deals  with  shipping  container 
developments  during  the  past  year  at  the 
Ottawa  Laboratory  of  the  Forest  Products 
Laboratories  of  Canada.  No  very  sensational  or 
revolutionary  developments  can  reasonably  be 
expected  in  a  field  so  widely  covered  as  is  the 
construction  of  shipping  containers.  They  have 
been  used  so  widely  and  so  long  that  the  bulk 
of  "new”  developments  must  of  necessity  be 
small  improvements  of  detail  or  the  adaptation 
of  known  principles  to  new  uses. 

Style  7-Box 

This  is  a  style  of  construction  proposed  by 
the  Laboratory  in  a  draft  specification  for 
wooden  boxes  submitted  to  the  Canadian  Stand¬ 
ards  Association.  It  was  designated  Style  7. 
There  is  nothing  revolutionary  in  this  design 
yet  there  is  evidence,  both  from  actual  use  and 
laboratory  tests,  that  this  design  has  merit.  It  is 
not  in  current  use  to  any  extent  though  it  is 
thought  that  for  many  purposes  the  box  or  one 
of  its  modifications  would  be  much  more  satis¬ 
factory  than  any  other  conventional  style. 

This  box. (Fig.  lA  and  B)  appears  superfi¬ 
cially  to  be  very  like  several  other  variants  but 
it  is  thought  to  be  better  in  certain  respects  than 
any  of  these  other  related  types.  One  such 
variant  (Fig.  IC)  was  described  as  long  ago  as 
January  1932,  in  an  amendment  to  the  "Ready 
Reference  Manual — ^Wooden  Box  and  Crate 
Construction”,  prepared  by  the  National  Asso¬ 
ciation  of  Wooden  Box  Manufacturers,  Chi¬ 
cago.  That  style  was  put  forward  as  a  pilfer- 
proof  box  and  it  would  appear  that  the  object 
of  the  design  was  to  cover  the  ends  of  every 

’  Published  with  the  permission  of  the  Director  of 
Forestry,  Department  of  Resources  and  Development, 
Ottawa. 


board  in  each  panel  to  prevent  any  board  being 
slid  out.  Style-7  box  is  constructed  rather  for 
mechanical  ruggedness.  It  will  be  noted  that 
the  design  is  such  that  every  board  is  held  on 
the  outside  by  a  cleat  and  on  the  inside  by  an 
adjacent  panel,  so  that  the  clinch  nails  have 
little  work  to  do  except  hold  the  panel  together 
until  assembly  is  complete.  Fig.  2  also  shows 
another  variant  in  which  only  the  clinch  nailing 
prevents  a  board  being  driven  into  the  box  by 
an  external  blow,  although  it  incorporates  the 
same  "pilfer-proof”  feature  as  is  shown  in 
Fig.  IC.  Either  of  the  boxes  shown  in  Fig.  2 
have  an  advantage  over  that  in  Fig.  IC  in  that 
the  cleats  only  enter  the  three-way  corner  and 
consequently  nails  used  may  be  shorter  by  the 
thickness  of  the  boards  in  the  panel.  Fig.  4A 
shows  clearly  how  nails  or  screws  are  grouped 
in  threes  at  the  end  of  each  cleat,  one  nail 
being  driven  at  right  angles  to  and  between  the 
other  two  nails.  This  arrangement  of  nails 
appears  to  produce  great  strength  as  every  ex¬ 
ternal  force  can  be  resisted  by  a  nail  in  shear. 
There  is  no  evidence  of  nails  working  loose  in 
transit.  This  feature  can  be  achieved  with  either 
of  the  boxes  shown  in  Fig.  2,  though  not  with 
that  shown  in  Fig.  IC. 

The  features  incoroorated  in  this  Style  7  box 
which  appear  to  recommend  it  beyond  all 
others  for  heavy  or  difficult  loads  are: 

(a)  The  use  '  of  the  three-way  corner 
throughout. 

(b)  All  nailing  is  into  the  side  grain  of  the 
wood. 

(c)  The  locking  effect  produced  by  the 
cross-nailing  at  the  ends  of  the  cleats. 

(d)  Boards  making  up  the  panels  cannot  be 
driven  into  the  box  by  an  external  blow. 
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Stacked  Paper  Maps 

A  request  for  seven  boxes  suitable  for  carry¬ 
ing  large  maps,  stacked  flat,  provided  the  first 
opportunity  to  use  the  new  style  box  (see  Fig. 
3) .  The  maps  were  being  shipped  to  be  trimmed 


Fig.  3. — Above,  box  designed  to  carry  flat  paper 
maps.  Note  top  and  bottom  cleats  to  prevent  bowing. 
Below,  left,  box  designed  to  carry  electric  switch¬ 
board. 

and  bound.  Stacked  paper  is  not  an  easy  load 
to  carry.  There  is  a  tendency  to  flex  and  the 
stack  itself  tends  to  shear  or  slide.  The  stacks 
measured  somewhat  under  3OI/2  inches  by  241/2 


inches  by  12  inches  high,  and  the  weight  was 
approximately  270  pounds.  A  box  which  could 
strongly  resist  the  tendency  to  bowing  of  the 
large  top  and  bottom  faces,  with  a  consequent 
straining  of  the  nails,  was  necessary  to  carry 
such  a  load. 

The  boxes  were  constructed  from  ^-inch 
spruce  and  the  inside  dimensions  were  30I/2 
by  241/2  by  12  inches.  Little  space  was  avail¬ 
able  for  packing,  but  since  the  maps  required 
further  .trimming  at  the  bindery,  slight  damage 
to  their  edges  would  not  be  objectionable. 
Panel  boards  were  nailed  to  the  cleats  with 
1^-inch  duck-billed  clinch  nails.  The  panels 
were  assembled  with  cement-coated  box  nails, 
2l/^  inches  through  the  ends  of  the  cleats  and 
battens,  and  2/2  inches  through  the  edge  cleats 
into  the  side  grain  of  the  boards  of  the  adjoin¬ 
ing  face. 

A  subsequent  order  for  more  boxes  of  this 
same  type  was  indication  of  satisfactory  service. 

Electric  Switchboard 

An  electric  switchboard,  packed  for  shipment 
to  northern  Manitoba,  provided  the  second 
practical  test  for  this  new  style  box.  Due  to  the 
manner  in  which  it  had  to  .be  supported  in  the 
box,  this  switchboard  was  a  difficult  load  to 
carry.  It  was  mounted  on  two  1-inch  pipe 
standards  with  elbows  at  their  ends,  coupled  to 
floor  flanges  with  close  nipples.  The  switch¬ 
board  measured  just  over  five  feet  in  length 
and  could  only  be  supported  at  the  extreme 
ends  because  of  the  instruments  at  the  front  of 
the  board  and  the  wiring  and  projecting  con¬ 
nections  and  switches  at  the  rear. 

Protection  for  the  switchboard  during  transit 
had  to  provide  against  the  hazards  from  heavy 
articles  being  laid  upon  the  box  or  the  use  of  a 
roller  across  its  centre  to  facilitate  moving.  The 
rigidity  of  the  box  had  to  be  sufficiently  high  to 
prevent  sagging  of  the  faces  in  order  to  avoid 
fouling  the  switchboard. 

An  advantage  of  Style  7  when  a  long  box  is 
required,  is  that  it  permits  the  use  of  shorter 
boards  in  the  top  and  bottom  faces  than  do  any 
of  the  conventional  boxes.  In  this  way  there 
can  be  an  economical  use  of  box  grade  lumber 
and  defects  eliminated  which  would  normally 
be  included  in  the  longer  boards  required  for 
boxes  of  Styles  2,  2/2,  3  or  4. 
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The  box  for  packing  the  switchboard  (Fig.  3) 
had  inside  dimensions  of  64  by  24  inches  by 
10^  inches,  and  was  constructed  with  %-inch 
spruce.  The  bottom  longitudinal  edge  cleats 
were  5^^  inches  wide  to  provide  for  bolting 
down  the  flanges  of  the  switchboard  mount¬ 
ings.  Three  %-inch  carriage  bolts  were  used  to 
fasten  each  of  the  four  flanges.  To  simplify 
cutting  of  shooks,  the  top  longitudinal  edge 
cleats  were  the  same  width  as  those  for  the 
bottom.  As  a  further  precaution  against  bend¬ 
ing,  the  sides  of  the  box  were  constructed  of 
two  boards  63 1/^  inches  long,  stiffened  by  two 
edge  cleats  and  five  vertical  battens.  Nailing 
was  in  the  same  general  manner  as  that  of  the 
map  boxes.  The  cleats  were  held  to  the  panel 
boards  by  1^-inch  clinch  nails,  and  2l/^-inch 
cement-box  coated  nails  through  the  ends  of 
the  cleats  and  battens,  with  2l/2-*nch  nails 
being  used  to  fasten  the  edge  cleats  through  the 
side  grain  of  the  boards  of  the  adjoining  face. 
The  gross  weight  of  the  pack  was  270  pounds, 
the  tare  weight  80  pounds. 

A  report  from  the  carrier  and  consignee  indi¬ 
cated  that  the  pack  arrived  in  excellent  condi¬ 
tion  and  without  even  the  slightest  pulling  of 
nails.  However,  since  such  a  pack  would  nor¬ 
mally  be  shipped  l:c.l.,  with  relatively  greater 
hazards  than  in  carload  lots,  further  modifica¬ 
tions  to  the  design  merit  consideration.  Under 
l.c.l.  conditions  the  possibility  of  other  articles 
being  placed  upon  the  box  would  be  ever 
present  and  might  prove  disastrous  to  the 
switchboard  should  such  an  article  be  heavy 
and  dense  and  cause  bowing  of  the  top  of  the 
box.  In  the  original  box,  due  to  the  nearly  ex¬ 
hausted  nail  stocks,  the  top  and  bottom  panel 
boards  were  fastened  to  the  longitudinal  edge 
cleats  with  one,  instead  of  three  clinch  nails. 
Only  the  end  boards  of  the  panels  had  three 
nails.  The  clinch  nails  held  the  panels  together 
until  the  box  was  assembled.  To  compensate 
for  this  deficiency,  the  21/2-inch  cement-coated 
box  nails  driven  through  the  longitudinal  top 
and  bottom  edge  cleats  should  have  been  so 
spaced  (but  were  not)  that  the  ends  of  each 
panel  board  would  receive  at  least  two  nails. 
A  much  better  arrangement  would  have  re¬ 
sulted  if,  in  place  of  the  two  5l/^-inch  top 
longitudinal  cleats,  two  2%-inch  edge  cleats 
had  been  used  with  an  added  intermediate 
longitudinal  batten  of  the  same  width.  Consid¬ 


erable  stiffening  would  have  resulted  and 
breakage  of  the  top  boards  would  have  been 
less  likely  in  the  event  of  some  heavy  article 
being  placed  or  falling  on  the  top  of  the  box 
during  shipment,  as  the  central  batten  would 
serve  to  spread  a  concentrated  load  over  two  or 
three  boards. 

Glass  Bottles 

Five  16-02.  bottles  containing  sulfite  waste 
liquor  and  shipped  to  the  Research  Foundation 
of  Ontario,  Toronto,  Ont.,  provided  the  third 
application  for  this  style  of  box.  A  much  less 
expensive  method  of  packing  than  the  one  used 
would  have  provided  safe  transportation.  The 
consequences  in  time  and  trouble,  should  break¬ 
age  occur,  were  such  that  the  low  cost  of  extra 
protection  of  a  single  shipment  was  justifiable. 
The  bottles  were  difficult  to  pack  since  three 
were  round  and  two  were  flat,  in  cross-section. 
For  this  reason,  a  generous  amount  of  Kimpak, 
0.37-inch  thick,  was  used  to  cushion  all  faces 
of  the  bottles.  Excelsior  rammed  in  the  top  of 
the  box  transferred  the  stresses  from  the  rela¬ 
tively  weak  bottle  necks  to  the  much  stronger 
shoulders  of  the  bottles. 

The  inside  dimensions  were  7  inches  by  71/2 
inches  by  8/2  inches  deep,  and  the  box  was 
made  up  from  1/2-inch  lumber.  Panel  boards 
were  fastened  to  the  cleats  with  ll^-inch  clinch 
nails.  Panels  were  assembled  with  1%-inch 
cement-coated  box  nails.  Nailing  was  at  the 
three-way  corners  only.  The  gross  weight  of  the 
box  was  17  pounds.  The  advantages  of  the 
Style-7  box  for  this  purpose  were  its  symmetry 
and  equal  strength  in  all  directions.  Ample  pro¬ 
tection  was  afforded  to  the  contents. 

Gallon  Tin — Class-B  Poison 

A  modified  version  of  the  Style  7  box  was 
used  for  packing  a  gallon  tin  of  Class-B  poison. 
This  box  differed  from  the  normal  Style-7  box 
in  that  one  inside  dimensions,  4%  inches,  was 
so  small  as  to  make  it  unnecessary  to  use  both 
sheathing  and  cleats  at  the  ends.  Had  both 
cleats  and  sheathing  been  used,  the  ends  would 
have  been,  in  effect,  a  2-ply  cross-grain  con¬ 
struction.  Such  a  box  would  have  a  much 
stronger  end  than  required  and  one  that  would 
be  out  of  balance  with  the  remainder  of  the 
box.  This  modified  design  would  have  special 
merit  for  boxes  where  one  dimension  is  small 
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enough  for  one  piece  of  board  conveniently  to 
make  each  of  two  panels  or  perhaps  two 
boards,  suitably  joined.  The  application  of  the 
design  here  discussed  is  not  considered  as  an 
ideal  one,  but  it  does  point  to  possibilities  for 
use.  This  modified  design  is  particularly  adapt¬ 
able  to  the  requirements  for  a  container  for 
plate  glass  and  other  sheet  material.  It  is  suit¬ 
able  for  fine  panelling,  polished  metal  sheets 
and  other  material  having  a  high  surface  finish, 
and  corrugated  metal,  composition  board  panels 
and  similar  material  requiring  protection 
against  crushing.  For  extremely  heavy  articles, 
such  as  flat  tombstones,  the  narrow  faces  of  the 
box  might  well  be  made  of  2-inch  by  4-inch  by 
6-inch,  or  other  suitable  widths  and  thicknesses. 

The  box  for  the  Class- B  poison  shipment 
had  inside  dimensions  of  4yg  inches  by  6yg 
inches  by  12  inches.  Cleats  and  sheathing  were 
of  1/2-inch  stock,  and  nailing  followed  the 
usual  pattern  for  a  Style-7  box.  The  pack 
weighed  25  pounds  gross  and  41/2  pounds  tare. 

The  modified  version  of  the  Style-7  box  will 
be  known  as  Style  7 A. 

Precision  Machine  Tool 

A  wood-planer  head,  with  attached  direct 
drive  motor,  had  to  be  returned  to  the  maker 
for  repairs.  Shipment  required  a  container 
which  would  provide  adequate  protection  and 
insure  that  shaft  alignments  were  not  upset. 
A  Style-7  box  was  constructed  into  which  the 
unit  fitted  snugly  end  to  end.  Lateral  and  ver¬ 
tical  movements  were  prevented  by  blocking. 
Inside  dimensions  of  the  box  were  371/^  inches 
by  lO^j  inches  by  10%  inches.  The  lx)x  was 
constructed  throughout  from  %-inch  stock. 
Fig.  4  clearly  shows  that  the  box  was  con¬ 
structed  in  the  conventional  manner.  There  was 
one  difference  in  the  assembling  of  the  panels, 
in  that  the  top  was  screwed  on  to  provide  easy 
access  and  prevent  damage  to  the  container.  It 
was  intended  that  this  box  be  again  used  for 
returning  the  repaired  unit  to  the  laboratory. 
All  nailing  of  bottom,  sides  and  ends  was  done 
with  3-inch  cement-coated  box  nails. 

By  a  simple,  yet  effective  method,  the  unit 
was  properly  located  in  the  box.  Two  hard¬ 
wood  blocks — grooved  to  accommodate  the 
1-inch  by  l/j-inch  splines  in  the  motor  and  out¬ 
board  bearing  housings — were  bolted  to  the 
housings  through  the  bolt  holes  provided  for 


Fig.  4. — Box  used  to  pack  planer  head.  Above, 
interior  view  showing  side  blocks  used  to  hold  unit 
down.  Center,  box  ready  for  shipment.  Below,  box 
after  round  trip.  Note  reversal  of  top  and  marks  left 
by  nail  puller  along  lower  side. 
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mounting  the  planer  head  and  motor  to  the 
machine  table.  A  wood  strip  %-inch  by  1^- 
inches  by  9-inches  was  nailed  to  the  box  bottom 
under  the  ends  of  each  block  to  provide  clear¬ 
ance  for  the  lower  budge  of  the  motor.  The 
blocks  for  the  motor  bearing  were  ll/^-inch  by 
10%-inches  by  6-inches,  and  1^  inches  by 
10%  inches  by  3  inches  for  the  outboard  bear¬ 
ing.  This  arrangement  supported  the  unit  in  its 
normal  operating  position.  The  whole  assembly 
was  held  down  in  the  box  by  four  blocks,  cut 
from  cleat  stock,  and  bearing  against  the  upper 
surface  of  the  mounting  blocks  and  the  under¬ 
side  of  the  lid  when  the  box  was  closed.  These 
blocks,  nailed  to  the  sides  of  the  box,  may  be 
seen  in  Fig.  4.  The  gross  weight  of  the  boxed 
unit  was  262  pounds,  and  the  net  weight  227 
pounds.  Because  of  the  eccentric  load,  the  sling 
point  was  marked  with  a  black  line  and  sten¬ 
cilled  "Sling  Here”  on  the  sides  and  top.  The 
box  was  shipped  by  rail  to  Galt,  Ontario,  and 
was  used  to  return  the  repaired  unit  to  Ottawa. 
The  round  trip  was  one  of  approximately  600 
miles  made  under  l.c.l.  conditions.  In  addition, 
truck  handling  was  necessary  to  and  from  the 
freight  depots.  After  return  to  the  Laboratory, 
the  container  was  examined  for  failures. 

Examination  first  disclosed  that  the  sling 
marks  on  the  sides  and  top  did  not  coincide 
showing  that  the  top  had  been  reversed  end  for 
end  on  the  body  of  the  box.  Slinging  at  the 
Laboratory  showed  the  centre  of  gravity  to  be 
at  the  sling  line  on  top  of  the  box.  The  conclu¬ 
sion  was  that  the  unit  had  been  returned  to  the 
box  reversed  end  for  end  from  its  original  posi¬ 
tion  (Fig.  4).  When  the  box  was  opened  all 
blocking  was  found  to  be  in  proper  position. 
Evidence  of  the  use  of  a  nail  puller  to  remove 
the  bottom  explained  the  above.  Apparently  the 
position  of  the  bottom  was  reversed  end  for 
end  when  it  was  replaced,  making  necessary  the 
reversal  of  the  unit  and  the  box  top  which  car¬ 
ried  a  pad  on  its  underside  to  bear  against  the 
motor.  In  replacing  the  bottom,  21/2-jnch  com¬ 
mon  nails  were  used. 

Damage  sustained  by  the  box  was  located  at 
the  end  occupied  by  the  motor  on  the  return 
trip.  The  boards  were  cracked  mid-way  between 
the  cleats.  This  more  than  likely  was  the  result 
of  a  severe  end  drop,  as  might  occur  when' 
dropped  off  the  end  of  a  truck.  The  nature  of 
the  wood  failure  indicated  a  certain  amount  of 


brashness  caused  by  the  presence  of  some  com¬ 
pression  wood.  Examination  of  the  box  showed 
that  the  end  bolts  of  the  motor  had  sunk  into 
the  end  boards  until  the  motor  housing  rested 
snugly  against  the  wood  immediately  behind 
the  cleats.  This  indicated  that  a  further  break¬ 
through  was  prevented  by  the  cleats.  Marks  left 
by  the  motor  at  the  opposite  end  of  the  box 
show  that  the  failure  occurred  on  the  return 
journey. 

The  original  nailing  held  remarkably  well, 
and  there  was  no  evidence  of  nail  pulling. 
Even  the  2y2-inch  common  nails  showed  no 
evidence  of  pulling,  though  they  were  easily 
removed  for  examination.  This  points  to  the 
efficiency  obtained  by  cross-nailing,  which 
mainly  places  shear  stresses  on  the  nails  and 
reduces,  if  it  does  not  entirely  eliminate,  ten¬ 
sion  on  the  nailing.  Fig.  4  shows  the  condi¬ 
tion  of  the  box  after  the  return  journey. 

This  failure  of  one  end,  which  opinion  at 
the  Laboratory  believes  to  have  been  caused  by 
excessively  rough  handling,  points  to  an  unbal¬ 
anced  construction.  Further  consideration  of 
the  design  shows  the  need  for  a  better  balance 
of  strength  of  the  sides,  top  and  bottom,  com¬ 
pared  with  the  strength  of  the  ends.  A  better 
absorption  of  the  end  to  end  thrust  would  be 
obtained  if  the  thickness  of  all  members  were 
reduced  to  %-inch  and  two  inside  cleats  added 
at  each  end  to  compensate  for  this  reduction  in 
lumber  thickness.  These  cleats  should  be  fitted 
inside  directly  behind,  and  parallel  to  the  end 
panel  cleats.  These  inside  cleats  would  take  the 
load  of  the  motor  housing  and  leave  the  venti¬ 
lator  at  the  end  of  the  housing  free  from  con¬ 
tact  with  the  end  panel  boards. 

With  this  style  of  box  in  mind,  but  using 
plywood  in  place  of  boards  for  the  panels,  two 
re-use  containers  were  developed.  These  are 
thought  worthy  of  description  as  they  may  have 
wider  application  than  the  specialized  fields  for 
which  they  were  developed. 

Re-Use  Containers  for  Parachutes 

Fig.  5  shows  a  box  designed  for  shipping 
parachutes.  It  would  be  used  in  the  first  in¬ 
stance  for  shipping  the  parachutes  packed  ready 
for  use,  and  on  this  trip  the  box  must  admit  of 
some  kind  of  seal  that  would  assure  the  recip¬ 
ient  that  it  had  not  been  tampered  with.  In  the 
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Fig.  5. — Parachute  shipping  container.  Top,  box 
closed.  Center,  method  of  inserting  lid;  below,  box 
after  te.st. 


that  nothing  can  snag  the  parachute  fabric. 
This  particular  box  measures  24]/^  inches  long 
by  14%  inches  wide  by  15%  inches  deep  ex¬ 
ternally  and  is  of  %-inch,  three-ply  plywood. 
The  cleats  are  Yi-itich  by  %-inch  birch  and  the 
centre  battens  across  the  bottom  and  top  are 
1/2-inch  by  1  %-inch  birch.  The  box  weighs  13 
pounds  and  the  gross  weight  with  main  and 
reserve  parachute  is  50  pounds. 

The  box  shown  is  fastened  by  two  screws  at 
each  end  of  the  centre  batten  of  the  lid.  The 
lid  is  hinged  under  this  batten,  the  hinge  being 
formed  of  a  strip  of  canvas  glued  to  the  ply¬ 
wood.  Fig.  5  shows  the  method  of  inserting 
the  lid.  The  lid  is  folded  sufficiently  to  allow 
the  ends  to  pass  beneath  the  top  cleats  of  the 
box  and  is  then  shut  down.  It  may  be  fastened 
by  screwing  as  shown,  or  if  filler  cleats  are  pro¬ 
vided  on  the  sides,  a  single  girth  strap  will 
provide  a  secure  fastening.  Another  method 
would  be  to  recess  hinged  hasps  into  the  under¬ 
side  of  the  centre  cover  batten.  The  hasps  are 
bent  to  fit  around  the  top  cleat  on  the  side  and 
close  over  a  staple  fixed  to  the  side  panels. 
With  this  method  of  fastening  a  lead  seal  on  a 
loop  of  wire  can  be  used. 

Fig.  5  shows  the  box  after  it  had  withstood 
60  drops  in  the  1 4-foot  hazard  machine  and 
an  end-to-end  compression  load  of  11,000 
pounds.  The  compression  load  was  applied  in 
this  direction  as,  on  account  of  the  proportions 
of  the  box  and  the  position  of  the  lid,  this  is 
the  weakest  direction.  The  hazard  machine  test 
was  conducted  with  a  box  loaded  with  main 
and  reserve  parachutes  but  was  somewhat  more 
severe  than  is  to  be  expected  in  service  as 
webbing  straps  to  retain  the  parachutes  in  posi¬ 
tion  had  not  been  provided.  On  the  result  of 
these  tests  it  is  thought  that  A  -inch  plywood 
will  be  adequate  but  the  cleats  are  about  as 
small  as  is  practicable  to  hold  the  screws  used 
for  fastening  the  panels  together.  The  use  of 
the  thinner  plywood  would  slightly  reduce  the 
weight  of  the  box,  which  is  desirable  as  air 
transport  may  at  times  be  used. 


second  place,  it  would  be  used  to  ship  a  para¬ 
chute  that  had  been  opened)  back  to  the  factory 
for  examination  and  expert  refolding.  For  this 
latter  purpose,  it  is  essential  that  the  box  be 
absolutely  smooth  finished  inside  and  out  so 


Outboard  Motor  Box  (Field  Service) 

The  other  re-use  container  is  of  a  heavier 
and  more  robust  construction  as  a  more  difficult 
load  is  involved  and  there  is  no  necessity  of 
air  transport. 
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For  the  use  of  field  parties  operating  during 
the  summer  months  in  the  bush  lands  of 
Northern  Canada  a  special  box  was  required  to 
ship  outboard  motors.  The  box  is  used  to  ship 
the  motors  in  spring  from  headquarters  in 
Ottawa  to  the  party’s  base  of  operations  at  rail 
or  road  head.  Here  the  box  must  be  opened 
without  tools  as  these  are  packed  with  the 
motor  tool  kit  inside  the  box.  In  the  fall  the 
motors  are  re-packed  for  return  to  Ottawa  for 
overhaul  and  winter  storage.  The  tool  box  only 
is  carried  on  expeditions,  but  in  view  of  the 
fact  that  many  seasons’  service  is  required  and 
the  risk  of  exposure  to  humidity  is  always 
present  both  tool  box  and  main  container  were 
treated  with  successive  coats  of  spar  varnish, 
undercoating  and  enamel  paint. 

Fig.  6  shows  an  isometric  drawing  of  the 
box  evolved  for  this  purpose,  and  Fig.  7  shows 
three  views  of  the  box  when  it  is  packed  with 


a  5  hp.  outboard  motor.  The  panels  are  ^-inch 
plywood  and  all  cleats  y2-inch.  by  l^-inch 
hardwood. 

The  motor  is  attached  by  its  normal  mount¬ 
ing  bracket  to  the  mounting  block  (Fig.  6  part 
No.  21)  and  is  then  placed  in  the  box  so  that 
the  propeller  shaft  housing  rests  in  the  crotch 
in  part  No.  20  and  the  mounting  block  slides 
down  between  battens  No.  12  and  rests  on  the 
tool  box  rails.  No.  13.  Side  to  side  movement 
is  prevented  by  the  pressure  block  No.  14.  The 
holding-down  block  is  then  placed  on  top  of 
the  mounting  block  and  this  bears  against  the 
underside  of  the  lid  where  it  is  reinforced  by 
one  of  the  battens  No.  9.  The  lid  is  in  three 
sections.  The  two  end  pieces  (part  No.  4)  slide 
into  position  with  their  ends  under  the  end 
cleats  (part  No.  8)  and  the  small  centre  lid 
hinges  into  position  and  is  held  by  the  hasps 
which  are  bent  to  fit  snugly  under  the  side 


Fig.  6. — Plywood  case  for  winter  storage  and  seasonal  shipment  of  Johnson  outboard  motor. 
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Fig.  7. — Box  for  outboard  motor.  Top,  closed. 
Center  and  bottom,  views  with  top  removed,  showing 
motor  in  place. 


cleats  (part  No.  6).  A  hardwood  wedge  is  used 
to  fasten  each  hasp  to  its  staple  and  a  wire  seal 
(easily  broken  by  twisting  by  hand)  used  to 
prevent  the  wedge  working  out  in  transit. 

The  loose  parts  of  the  box  are  anchored  to 
the  box  by  suitable  lengths  of  safety  chain. 

The  tool  box  is  constructed  to  rest  on  the 
rails  (part  No.  13)  and  it  is  prevented  from 
moving  by  the  battens  No.  12  and  the  stop  No. 
17.  The  top  of  the  tool  box  rests  against  the 
underside  of  the  lid  and  its  bottom  edge  rests 
on  the  lower  part  of  the  motor  mounting 
bracket  thereby  helping  to  hold  the  motor 
securely  in  position.’ 

Moulded  Staves  for  Tight  Cooperage 

A  new  development  in  a  different  direction, 
currently  being  examined  by  the  Laboratories, 
is  in  an  endeavour  to  reduce  the  cost  of  tight 
cooperage.  It  would  seem  that  the  most  promis¬ 
ing  fields  in  which  to  reduce  costs  in  cooperage 
are  those  of  raw  material,  labour  costs  and  ease 
of  return  shipment  for  re-use. 

The  raw  material  in  present  use  is  very  ex¬ 
pensive  as  only  clear  lumber  free  from  defect 
can  be  used.  If  a  process  can  be  found  to  render 
lower  grade  material  usable  it  could  have  far 
reaching  effect  in  the  industry,  especially  if  it 
also  resulted  in  the  utilization  of  waste  mate¬ 
rial  from  other  processes. 

Labour  costs  are  high  because  of  the  multi¬ 
plicity  of  operations  involved  in  conventional 
cooperage  and  the  fact  that  selection  and  assem¬ 
bly  of  a  set  of  staves  is  an  expert  operation. 
These  costs  could  be  materially  reduced  if  a 
standard  stave  could  be  produced  cheaply. 
Standardization  is  not  practicable  at  present 
owing  to  the  need  for  maximum  usage  of  very 
high  grade  material. 

Standardization  of  staves  would  have  a  sec¬ 
ondary  effect  in  making  a  barrel  demountable 
so  that  empties  returned  for  re-use  could  be 
more  economically  transported.  This  would 
make  tight  cooperage  more  attractive  to  the  user. 

The  Laboratories  are  now  working  on  a 
method  of  moulding  barrel  staves  of  standard¬ 
ized  pattern.  Various  raw  materials  of  forest 
origin  are  being  investigated  as  well  as  the  im¬ 
portant  matter  of  cheap  mould  production. 
There  is  considerable  hope  of  success  in  this 
investigation. 
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It  is  hoped  that  this  will  give  a  picture  of 
the  kind  of  work  being  done  at  the  Ottawa 
Laboratory  of  the  Forest  Products  Laboratories 
of  Ginada  to  serve  industrial  needs.  Work  de¬ 
scribed  arose  mainly  from  requests  for  a  solu¬ 
tion  to  a  specific  problem.  Thus,  it  is  imprac¬ 
ticable  to  forecast  the  kind  of  problems  that 
will  receive  attention  in  the  near  future. 

APPENDIX— Testing 

In  support  of  the  contention  that  the  StyIe-7 
box  is  more  rigid  than  boxes  of  any  previously 
accepted  styles,  a  limited  program  of  tests  was 
undertaken.  It  has  been  accepted  that  a  StyIe-2 
box  is  more  rigid  than  Styles  1,  4  and  5. 

Two  Style- 2  boxes  were  made  in  accordance 
with  C.  P.  C.  11,  page  12,  table  1,  for  weight 
of  contents  101  to  250  pounds.  Group  1  lum¬ 
ber  was  used.  ,The  end  boards  were  %-inch 
thick  with  cleats  %-inch  by  2%  inches.  The 
sides,  top,  and  bottom  were  ^^-inch  thick.  In¬ 
side  dimensions  were  24  inches  by  16^2  inches 
by  12  inches.  The  boxes  were  nailed  with  21/2- 
inch  cement-coated  box  nails  and  reinforced 
with  two  1/2-inch  nailless  girth  straps.  Two 
Style-7  boxes  were  made  to  the  same  dimen¬ 
sions  with  ^^-inch  lumber  of  the  same  species. 
The  two  cleats  on  each  face  were  ^%-inch  by 
2%  inches.  Cement-coated  box  nails  2  inches 
long  were  used  to  nail  the  cleats  to  the  cleats, 
and  2^4  inches  long  to  nail  through  cleats  and 
boards  into  the  edges  of  adjacent  panels.  The 
boxes  were  not  strapped,  as  it  would  not  be 
normal  practice  to  do  so,  since  filler  cleats 
would  be  necessary  to  prevent  the  strapping 
from  spanning  gaps.  The  standard  of  work¬ 
manship  of  the  Style-2  box  was  excellent,  but 
slightly  inferior  in  the  Style-7  boxes,  and  there 
were  more  defects  in  the  lumber,  such  as  knots, 
worm  holes,  and  small  pockets  of  decay.  Some 
of  the  cleats  of  the  Style-7  boxes  had  been  cut 
a  little  short,  making  it  necessary  to  nail  nearer 
to  the  end  than  is  normal. 

After  testing,  a  Style-7  and  a  Style-2  box 
were  re-coopered.  All  nails  were  pulled,  panel 
boards  were  fastened  together  with  corrugated 
fasteners,  and  the  boxes  reassembled  with  new 
nails.  In  nailing,  previous  nail  holes  were 
avoided.  (At  the  corners  of  the  Style-7  box  it 
was  necessary  to  reverse  the  usual  nailing  prac¬ 
tice  and  drive  one  nail  through  the  ends  of  the 
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cleats  and  two  nails  through  the  sides  of  the 
cleats.)  Two  additional  Style-7  boxes  were  then 
made  and  corrugated  fasteners  were  used  be¬ 
tween  the  panel  boards.  The  results  of  tests  on 
these  boxes  are  shown  in  Fig.  8. 


The  boxes  were  tested  in  diagonal  compres¬ 
sion,  generally  in  accordance  with  American 
Society  for  Testing  Materials  procedure,  but — 
in  order  to  allow  for  more  load/deflection  ob¬ 
servations — at  l/^-inch  per  minute  crosshead 
speed  instead  of  y2-inch  per  minute.  The  lines 
drawn  indicate  an  average  load/deflection  curve 
for  each  type  of  box.  The  greater  stiffness  and 
strength  of  a  Style-7  box  is  apparent. 

Discussion 

Mr.  E.  W.  Wellwood  (Canadian  Forest 
Products  Ltd.) :  Have  any  tests  been  made  on 
boxes  constructed  of  hardboard  and  if  so,  what 
have  been  the  results  ? 

Mr.  Butterworth:  We  have  not,  to  date,  done 
any  work  on  this. 

I  have  been  asked,  "What  lumber  should  be 
used  in  the  construction  of  the  style  7  box?” 
The  choice  of  lumber  for  this  type  of  box  is 
governed  by  exactly  the  same  considerations  as 
apply  to  any  other  style  of  box.  This  is  to  say, 
the  most  readily  available  material  of  a  grade 
suitable  for  box  construction  by  the  same  stand¬ 
ards  as  have  always  been  held  desirable. 
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Loss  and  Damage  in  Transit  in  Relation  to  Shipping 
Containers — Viewpoint  of  the  Carrier 

Albert  L.  Green 

Special  Representative,  Freight  Claim  Division,  Association  of  American  Railroads 


Merchandise  undergoes  many  haaards  before  actual  transportation  begins.  Numerous  measures  can  be 
taken  to  deal  with  these  hazards.  Loss  and  damage  claims  claim  a  substantial  fraaion  of  gross  railroad  revenue 
and  figure  definitely  in  rate  making.  Causes  of  damage  in  transit  include  slack  loading,  inadequate  interior 
packing,  and  inadequate  conuiner  design.  The  value  of  improved  packaging  and  handling  efforts  by  both 
railroads  has  been  repeatedly  demonstrated. 


Introduction 

SUPPOSE  that  the  relationship  of  shipping 
containers  to  the  common  hazards  of  rail 
transportation  has  not  been  established  pre¬ 
cisely,  nor  even  approximately,  either  by  labo¬ 
ratory  testing  or  inspections  of  the  condition  of 
packaged  articles  when  received  by  the  con¬ 
signee.  If  anyone  in  the  audience  or  any  reader 
of  this  paper  believes  he  has  a  dependable 
answer,'  I  would  like  to  hear  from  him  as  I, 
myself,  would  be  very  much  interested  in  learn¬ 
ing  what  the  relationship  is  between  the  pack¬ 
age  and  the  ordinary  or  average  risk  of  loss  or 
damage  in  transport.  By  no  means  does  the 
question  have  to  go  totally  unanswered  because 
most  everyone  who  has  had  extensive  experi¬ 
ence  with  the  packaging  of  commodities  in 
general  or  with  the  packaging  of  products  made 
by  his  company  has  derived  from  the  "school 
of  experience”,  or  from  laboratory  research  a 
reasonably  satisfactory  answer  to  the  question: 
How  much  protection  must  be  afforded  to  safe¬ 
guard  the  product  against  the  risks  inherent  in 
the  handling  of  goods  in  the  factory,  in  car¬ 
riage  to  the  railroad  station  or  in  loading  in  the 
car;  en  route  and  in  the  course  of  delivery, 
warehousing  and  distribution? 

Pretransportation  Hazards 

Shall  we  consider  first  examples  of  the 
damage  risks  before  transportation  begins. 
Observations  were  made  by  a  committee  ap¬ 
pointed  by  one  of  the  largest  merchandise 
houses  to  improve  its  operation.  The  committee 
reported  in  part: 

"Unwarranted  damage  not  traceable  to 
crating,  carrier  operations,  or  manufacturers’ 


defects  may  be  the  result  of  either  careless¬ 
ness  or  lack  of  proper  instructions.  In  an 
effort  to  determine  the  most  common  causes 
of  such  damages  a  survey  was  recently  con¬ 
ducted  in  a  number  of  our  operations.  This 
disclosed  that  in  many  cases  such  damage 
was  attributable  to  improper  car  unloading 
methods  and  warehouse  handling.  Following 
are  some  typical  cases  observed  during  the 
survey: 

( 1 )  While  unloading  merchandise  stacked 
two  or  three  tiers  high,  employes 
stood  on  lower  tiers  to  reach  the 
items  above.  The  combined  weight  of 
the  person  and  the  merchandise  being 
removed  often  caused  the  light  ply¬ 
wood  or  fiber  board  surfaces  of  the 
case  on  which  he  stood  to  depress  or 
even  collapse,  thus  damaging  its  con¬ 
tents. 

(2)  Crates  containing  such  items  as 
stoves,  refrigerators,  washing  ma¬ 
chines,  etc.,  were  dropped  from  upper 
tiers  to  lower  ones  or  to  the  car  floor. 
Drops  from  heights  such  as  these  are 
much  greater  than  those  for  which 
the  containers  were  designed.  This 
often  caused  a  complete  break-down 
or  distortion  of  the  boxes  or  crates. 

(3)  Broken  crates  were  stacked  in  ware¬ 
houses  resulting  in  additional  damage 
to  merchandise. 

(4)  A  refrigerator  was  dropped  to  the 
floor  of  the  car  with  such  an  impact 
as  to  tear  the  entire  porcelain  liner 
from  its  fastenings. 
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(5)  Merchandise  was  badly  scratched  due 
to  failure  to  properly  remove  the  steel 
straps  used  in  bracing  cars. 

"By  observing  the  following  safe  handling 
measures  employes  will  both  protect  them¬ 
selves  from  possible  injury  and  prevent 
damage  to  merchandise: 

(1)  When  it  is  necessary  to  stand  on 
crates  or  cases  of  lower  tiers  in  order 
to  reach  merchandise  from  above, 
always  place  a  plywood  platform 
(preferably  %-in.  sheathing-fir  ply¬ 
wood)  on  the  lower  tier.  This  will 
not  only  insure  safe  footing,  but  will 
prevent  the  container  on  which  you 
are  standing  from  depressing  or  col¬ 
lapsing,  since  any  excessive  weight 
will  be  more  evenly  distributed. 

(2)  In  lowering  heavy  cases  from  an 
upper  tier,  skid  them  to  the  lower 
level  by  means  of  a  plank.  This  will 
better  enable  you  to  control  the  speed 
of  descent,  and  thereby  prevent  unex¬ 
pected  drops  which  can  cause  injury 
to  fellow  workers  as  well  as  damage 
to  the  merchandise. 

(3)  Broken  crates  are  to  be  repaired  be¬ 
fore  being  stacked.  Otherwise  they 
may  further  collapse  and  topple  to 
the  floor. 

(4)  Steel  strapping  used  in  bracing  cars 
should  be  completely  removed.  Pieces 
left  in  cars  can  cause  injuries  to  em¬ 
ployes  or  scratch  merchandise. 

(5)  Where  help  is  necessary  to  handle 
heavy  items,  never  attempt  a  ’solo’. 

(6)  Make  certain  that  you  have  a  firm 
hold  and  that  the  lift  or  pull  be 
gradual. 

(7)  Merchandise  should  not  be  dragged 
across  the  floor.  Use  a  two-wheeled 
truck,  a  dolly,  a  pallet  truck  or  other 
aid. 

(8)  Never  use  a  two-wheel  hand  truck  as 
a  battering  ram.  The  lip  of  this  truck 
has  been  a  source  of  much  damage. 
Set  the  item  down.  Then  "walk”  it  in 
place. 

(9)  Be  careful  when  setting  items  in 
place  for  storage  or  uncrating. 


(10)  Aisles  must  always  be  kept  clear  to 
allow  sufficient  room  to  move  items 
to  their  storing  place  without  bump¬ 
ing  into  other  merchandise  that  is 
stored  on  either  side  of  the  aisle.” 

Importance  of  Claim  Reduction 

Why  is  an  effective  claim-prevention  pro¬ 
gram  so  essential  to  railroad  and  shipper  wel¬ 
fare.^  Why  is  it  so  essential  to  the  shipper’s 
interest  that  he  know  at  all  times  what  loss  and 
damage  of  his  shipments  amounts  to?  Of 
course,  there  are  several  answers.  One  is  that 
the  claim  expense  comes  from  earnings  and 
obviously  is  considered  in  rate  making.  In  a 
real  sense  the  shipper  pays  his  own  claims — at 
least  through  rates  he  provides  the  money.  In 
1948,  loss  and  damage  claims  cost  U.  S.  rail¬ 
roads  $130,656,024,  or  $1.61  of  each  $100  of 
gross  freight  revenue.  In  1949,  the  cost  was 
$109,202,227,  which  equalled  25  percent  of 
the  total  net  income  of  all  Class  1  railroads, 
and  for  the  first  half  of  1950,  $42,534,259. 
30  percent  under  the  first  half  of  1949.  Out  of 
revenue  for  the  1950  period  $1.20  of  each 
$100  was  paid  for  claims.  These  figures  are  the 
strongest  argument  I  can  present  for  accelerat¬ 
ing  the  prevention  effort  by  railroads  and 
shippers  alike.  Illustrating  what  has  been  done 
— and  what  can  be  done  again — in  recent  non¬ 
war  years  the  revenue  percentages  taken  by 
claims  hovered  around  one-half  of  one  percent. 

Causes  of  Damage 

Now  let’s  turn  to  some  of  the  recognized 
damage  risks  incidental  to  transportation.  One 
of  the  cardinal  principles  of  loading  cased 
goods  is  to  make  certain  that  all  possible  slack 
is  taken  up  in  the  load.  Comparisons  of  tight 
vs.  loose  loads  of  packaged  fresh  fruits  and 
vegetables,  for  instance,  have  shown  that  the 
damage  increases  in  substantial  accordance  with 
the  amount  of  slack  or  looseness  in  the  load 
•which  was  not  taken  up  by  the  shipper  at  the 
time  of  loading.  This  principle  also  applies  to 
commodities  such  as  canned  foods  in  fibre 
boxes  where  damage  in  a  well  prepared  car  in 
good  condition  may  be  virtually  eliminated  by 
very  tight  loading  under  the  bonded-block 
method  provided  the  box  fits  the  cans  very 
tightly  and  is  of  good  quality  and  properly 
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sealed.  To  the  other  extremity  is  the  risk  of 
over  sized  boxes  being  used  and  careless  load¬ 
ing  resulting  in  slack  space  of  a  foot  or  two 
opening  up  in  the  load,  and  in  such  instances, 
the  coippression  in  the  case  itself  and  the  space 
opening  up  in  the  load  result  not  infrequently 
in  damage  running  into  hundreds  of  dollars  in 
a  single  car. 

There  are  also  crushing  forces  created  by  the 
switching  of  cars  in  yards  and  terminals,  slack 
action  in  the  trains  and  vertical  vibrations  of 
the  car  common  to  present-day  high  speeds 
which  must  be  guarded  against  by  adequately 
protective  bracing  or  blocking  of  the  load  (if 
such  is  needed)  or  by  strapping  sections  of  the 
load  together  so  they  may  slide  on  the  car  floor 
under  switching  impacts  and  thus  absorb  the 
shock.  In  other  words,  in  loads  which  require 
some  form  of  buffer  or  bracing  there  must  be 
a  "resisting  give”  in  the  load  which  will  be 
sufficient  to  serve  as  a  cushion  of  the  shocks 
which  cannot  be  avoided. 

Then  there  are  other  damaging  shocks  which 
must  be  protected  against  such,  for  example,  as 
the  handling  through  the  freight  house,  to  and 
from  motor  trucks,  in  warehousing  and  in  the 
final  delivery  to  the  retailer.  I  cannot  go  into 
this  in  detail  but  perhaps  it  will  suffice  to  cite 
one  example  of  what  happens  when  an  article 
is  dropped — a  drop  that  many  would  consider 
quite  safe.  An  impact  register  was  fastened  to 
the  end  of  a  crated  enameled  stove.  The  end  of 
the  stove  was  dropped  12  inches  to  the  floor 
and  the  register  showed  that  the  force  of  the 
impact  was  about  equal  to  what  it  might  have 
been  in  a  freight  car  coupled  at  a  speed  of  12 
mph.  At  least  that  was  the  record  on  the  reg¬ 
ister  tape. 

In  an  L.C.L.  car  of  miscellaneous  merchan¬ 
dise  fragile  articles  must  be  cushioned  and  pro¬ 
tected  inside  the  container  and  the  container 
must  have  sufficient  resistance  to  compression 
so  that  it  will  adequately  protect  its  contents. 
The  fact  that  over  the  last  five  years  claims  for 
concealed  damage,  i.e.,  damage  which  is  found 
after  the  containers  are  opened  by  the  con¬ 
signee,  averaged  about  $13  million  a  year,  is,  I 
think,  evidence  enough  that  fragile  articles  are 
not  sufficiently  protected  inside  the  container. 

Let’s  see  what’s  wrong  here.  Is  it  not  likely 
that  department  stores,  for  illustration,  receive 


merchandise  such  as  end  tables,  coffee  tables, 
etc.,  right  along  from  certain  sources,  some 
coming  in  damaged  repeatedly — often  interfer¬ 
ing  with  sales  schedules — whereas  the  tables 
from  other  sources  are  seldom,  if  ever,  dam¬ 
aged  in  transit.  Probably  all  of  this  line  of 
goods  is  shipped  f.o.b.  factory,  the  shipper  sel¬ 
dom  hears  anything  about  damage  and  unless 
the  customer  or  the  railroad  reports  the  nature 
and  apparent  cause  of  the  damage  to  the 
shipper,  he  may  go  right  on  year  in  and  year 
out  neglecting  to  cushion  and  protect  his  prod¬ 
uct  in  the  container  so  it  will  have  a  reasonable 
chance  of  a  good-order  delivery.  From  our 
broad  experience  with  these  concealed  damage 
claims,  we  know  that  there  is  a  positive  rela¬ 
tionship  between  the  method  of  the  packing 
.and  the  damage  experienced. 

Some  Demonstrations 

One  or  two  illustrations  can  be  cited  in  the 
field  of  perishable  freight.  In  1949  inspections 
of  1803  cars  of  cantaloupes  disclosed  an  aver¬ 
age  damage  of  9.9  packages  per  car,  i.e.,  pack¬ 
ages  that  could  not  be  restored  to  good  sales 
condition,  in  1766  cars  of  crates  with  regular 
slats  of  dimensions  %  by  l^  in.  Whereas  in 
37  cars,  crates  with  experimental  slats  measur¬ 
ing  Yg  by  2%  in.,  the  bad-orders  were  reduced 
to  an  average  of  2.8  per  car.  Also  in  1949, 
demonstrating  the  effects  of  improved  loading, 
the  so-called  "divided  load”  used  in  the  load¬ 
ing  of  11,951  cars  produced  average  bad-orders 
per  car"  of  37.9,  whereas  in  31  cars  with  the 
crates  loaded  on  end,  the  average  bad-order  was 
7.9  per  car.  And  in  the  movement  of  Mexican 
tomatoes,  we  have  a  record  that  shows  that  in 
the  1943-44  season,  there  were  on  the  average 
46.0  bad-orders  per  car,  but  in  the  1948-49 
season  this  figure  had  been  cut  to  16.9  bad- 
orders  per  car,  due  partly  to  improved  shook, 
better  nailing,  and  the  limiting  of  the  height  of 
the  load  to  seven  layers. 

Several  years  ago,  claims  for  damage  to  fur¬ 
niture  exceeded  $10  million  a  year.  The  rail¬ 
roads  were  convinced  that  substantially  im¬ 
proved  packaging  was  needed.  After  an  exten¬ 
sive  study,  in  which  furniture  manufacturers 
participated,  an  agreement  was  reached  with 
the  industry  whereby  the  packaging  was  greatly 
improved.  Some  55  individual  packages  were 
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defined  and  specified  in  the  Freight  Classifica¬ 
tion  and  largely  as  a  result  these  claims  for  the 
first  half  of  1950  are  running  at  the  rate  of 
about  $6  million  a  year  despite  higher  values 
and  largely  increased  production.  It  is  quite 
likely  that  the  railroads  are  giving  better  atten¬ 
tion  to  the  handling  of  furniture  but  in  the 
nuin  this  improvement  can  be  credited  to  im¬ 
proved  packaging — another  demonstration  that 
there  is  a  definite  relationship  between  the  pro¬ 
tective  values  of  containers  and  the  ordinary 
risk  of  transportation. 

Another  illustration  is  the  voluntary  agree¬ 
ment  that  was  reached  by  the  glassware  manu¬ 
facturers  whereby  drop  tests  were  put  in  the 
Freight  Classification.  Probably  without  any 
overall  increase  in  the  cost  of  packaging  to  the 
industry  claims  on  these  articles  have  been  re¬ 
duced  considerably  and  we  were  recently  ad¬ 
vised  that  the  U.  S.  Potters  Association  has 
agreed  to  publication  in  the  Classification  of 
the  same  drop  tests  (based  on  performance)  for 
chinaware  and  crockery. 

Perhaps  the  most  outstanding  example  of 
achievement  in  the  way  of  improving  the  dam¬ 
age  experience  is  to  be  found  in  the  National 
Safe  Transit  Program  sponsored  by  the  Porce¬ 
lain  Enamel  Institute.  While  it  is  true  that  this 
program  has  not  been  generally  adopted  by  the 
makers  of  household  appliances  those  firms 
which  did  adopt  it  are  able  to  show  a  large  re¬ 
duction  in  transportation  damage  during  a 
period  of  greatly  increased  productioh.  This 
program,  as  most  of  you  know,  is  a  purely  vol¬ 
untary  one  on  the  part  of  the  trade  and  it  calls 
for  certain  test  procedures  applied  to  the  pack¬ 
aged  product  at  the  factory  which  are  adjusted 
to  the  expectable  damage  risks  in  distribution 
and  where  those  tests  have  been  faithfully  fol¬ 
lowed  the  shipper  is  able  to  "stop  the  loss 
before  it  occurs”. 

Time  does  not  permit  me  to  even  briefly 
sketch  the  employee-training  programs  fol¬ 
lowed  by  the  railroads  directed  to  more  careful 
handling  of  freight  and  cars,  but  I  would  like 
to  say  that  each  railroad  has  its  own  depart¬ 
ment  specializing  in  loss  and  damage  preven¬ 
tion;  inspections  and  investigations  and  reports 
to  shippers  are  made  by  the  several  weighing 
and  inspection  bureaus  and  this  Association  has 


a  staff  of  claim-prevention  specialists  in  its 
Freight  Claim  Division  devoting  all  of  their 
time  to  discovering  the  causes  of  claims,  and 
how  those  causes  may  be  corrected;  attached  to 
the  Freight  Claim  Division  is  a  National 
Freight  Loss  &  Damage  Prevention  Committee 
which  coordinates  and  directs  the  activities 
along  these  lines  and  we  also  have  a  corps  of 
packaging  and  loading  engineers  in  our  Freight 
Loading  &  Container  Section  which,  after  due 
investigation  and  conference  with  shippers,  pre¬ 
pares  pamphlets  showing  how  freight  should 
be  packed  and  loaded  for  safe  transportation. 

Value  of  a  Container  Testing  Program 

The  most  effective  way  I  can  think  of  for 
determining  whether  freight  is  adequately  pro¬ 
tected  for  transportation  is  to  have  the  pack¬ 
aged  product  examined  and  tested  in  the  com¬ 
mercial  laboratory.  The  laboratory  technicians 
have  not  yet  been  able  to  lay  down  a  series  of 
tests  for  all  articles  which  will  develop  a  posi¬ 
tive  remedy  for  damage.  Tests  differ  according 
to  the  requirements  of  the  particular  article 
tested — it  may  be  a  series  of  falls  in  a  revolving 
drum,  it  may  be  an  incline- impact  test,  it  may 
be  a  drop  test  or  it  may  be  a  critical  examina¬ 
tion  of  the  protective  merits  of  the  container. 
But  whatever  test  is  applied  the  laboratory  must 
duplicate  as  closely  as  possible  the  stresses  and 
strains  which  bring  about  the  damage  occurring 
in  transit.  If  a  table  is  being  tested  and  the 
damage  complained  of  is  a  repeated  breaking 
of  the  legs  and  the  laboratory  does  not  break 
legs,  the  tests  are  futile.  It,  therefore,  follows 
that  the  laboratory  must  apply  just  the  right 
stresses  and  strains  to  break  legs  before  the 
table  is  on  the  road  to  changing  the  packaging 
to  the  point  where  legs  are  no  longer  broken 
under  impacts  like  those  sustained  in  handling 
and  in  transit. 

Yes,  there  is  a  relationship  between  packag¬ 
ing  and  transportation  hazards  and  there  are 
available  to  all  shippers  simple  and  economical 
means  for  discovering  and  correcting  whatever 
may  be  amiss  with  the  packaging,  handling  or 
loading  and  where  these  means  are  availed  of, 
it  has  been  our  experience  that  there  is  no 
article,  however  fragile  it  may  be,  that  cannot 
be  carried  with  a  relatively  low  risk. 
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Value  of  the  Carriers'  Effort 

I  believe  that  your  society  is  genuinely  inter¬ 
ested  in  better  utilization  of  forest  products 
such  a  large  proportion  of  which  are  consumed 
in  the  manufacture  of  both  wood  and  fibre 
shipping  containers  and  that  you  are  interested 
in  having  those  products  given  the  best  possible 
service;  however,  I  am  not  certain  that  the 
members  realize  that  the  efforts  of  the  carriers 
to  reduce  loss  and  damage  claims  is  really  a 
service  to  the  public  and  not  merely  an  effort 
to  reduce  operating  costs.  In  this  connection,  I 
feel  that  too  few  people  realize  that  packaging 
is  one  of  our  major  industries.  The  total  value 
of  its  products  runs  into  billions  of  dollars 
annually.  Nor  is  it  realized  that  packaging 


plays  a  part  in  practically  every  industry  or 
business.  It  is  difficult  to  name  a  product  of 
industry  or  agriculture  that  has  attained  its  full 
value  and  usefulness  at  the  point  of  production. 
In  order  to  ser.e  its  intended  purpose,  it  must 
reach  the  consumer  in  usable  condition,  and 
that  is  where  the  container  and  the  transporta¬ 
tion  facilities  come  in. 

If  there  is  any  information  that  we  have 
which  would  be  of  interest  to  any  member  of 
this  Society  or  if  you  have  a  damage  problem 
you  don’t  know  how  to  solve  and  you  think  we 
could  be  of  assistance,  please  communicate  with 
us  at  59  E.  Van  Buren  Street,  Chicago  5,  Illi¬ 
nois,  and  we  shall  esteem  it  a  privilege  to  help 
you  if  we  can. 


Discussion 

Mr.  A.  Elmendorf  (Elmendorf  Research, 
Inc.) :  Referring  to  a  specific  type  of  shipping 
container  used  in  great  volume,  namely,  the  egg 
case,  can  you  tell  us  whether  the  Association  of 
American  Railroads  has  compiled  any  statistical 
data  comparing  the  claims  against  loss  of  the 
wooden  egg  case  with  those  of  the  fiber  con¬ 
tainer? 

Mr.  Green:  The  ass<xiation  has  not  collected 
claim  data  to  show  the  difference  in  protection 
to  eggs  afforded  by  the  fibre  box  compared  with 
the  wood  box.  Extensive  tests  on  both  types  of 
box  made  by  the  U.  S.  Forest  Products  Labora¬ 
tory  some  years  ago  showed  that  the  fibre  box, 
as  then  constructed,  developed  substantially  less 
rfesistance  to  crushing  forces  than  the  wood 
box.  This  was  especially  true  of  fibre  boxes  con¬ 
ditioned  to  simulate  storage  conditions.  The 
construction  of  the  fibre  box  since  then  is  be¬ 
lieved  to  have  been  somewhat  improved.  How¬ 
ever,  one  of  the  factors  that  may  be  partly  re¬ 
sponsible  for  damage  claims  increasing  from  $3 
or  $4  j5er  car  to  around  $100  per  car  originated 
in  the  last  few  years  is  the  largely  increased  use 
of  the  fibre  box.  My  personal  opinion  is,  that  a 
further  study  should  be  made  of  the  fibre  box, 
by  use  of  instruments  to  measure  the  effect  of 
vertical  and  horizontal  shock  in  transportation, 
and  in  laboratory,  to  find  out  whether  the  fibre 
box  as  presently  made  affords  adequate  pro¬ 
tection. 


Mr.  B.  L.  Grondai  (College  of  Forestry, 
University  of  Washington) :  I  had  intended  to 
ask  about  the  $13  million  dollar  loss  in  con¬ 
cealed  damages  that  the  railroad  sustained  in 
1949,  and  what  shippers  and  receivers  could  do 
to  prevent  these  losses,  but  it  has  been  partially 
answered.  However,  having  seen  a  costly 
machine  unpacked  when  a  casting  was  broken 
because  a  concealed  bolt  was  attached  to  a  cleat 
nailed  to  the  crate  (the  railroad  paying  the 
damage  claim),  has  it  occurred  to  your  packag¬ 
ing  engineers  to  call  up  the  CIO  or  the  AFL 
to  send  a  man  with  a  crowbar  to  open  a  "ggod” 
crate. 

Mr.  Green:  Claims  paid  for  concealed  dam¬ 
age  over  the  last  five  years  averaged  about  $13 
million  a  year.  One  of  the  main  causes  is  failure 
to  provide  adequate  inner  fittings  that  cushion 
and  protect  fragile  articles  inside  the  shipping 
container.  Packaging  studies  made  by  mail¬ 
order  houses,  box-makers  and  others  indicate 
that  well  designed  inside  packing  is  almost  a 
final  answer  to  this  sort  of  damage.  If  large  de¬ 
partment  stores,  for  example,  made  a  practice 
of  comparing  the  protective  merits  of  inner 
packing  materials  and  their  application  where 
the  same  or  similar  articles  from  some  shippers 
are  damaged  repeatedly,  and  the  products  of 
other  shippers  consistently  arrive  in  good  order, 
informing  the  shipper  of  his  failure  to  pack 
properly  very  many  of  these  claims  would  be 
wiped  out.  As  most  merchandise  is  sold  f.o.b. 
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factory  and  almost  all  claims  are  filed  by  con¬ 
signees,  shippers  often  assume,  in  the  absence 
of  complaint,  that  their  goods  are  well  packed, 
when  the  contrary  is  true.  Box  manufacturers 
can  solve  most  any  problem  of  this  kind  if 
called  upon  for  assistance. 

Mr.  S.  D.  Soule  (Wooden  Box  Institute) :  If 
loss  and  damage  claims  are  reduced  by  50  per¬ 
cent  by  better  containers,  better  loading  or  brac¬ 
ing,  how  long  would  it  take  for  this  savings  to 
reflect  back  to  the  shipper  in  the  form  of  re¬ 
duced  freight  rates  for  the  particular  com¬ 
modity  in  which  this  saving  was  made. 

Mr.  Green:  It  would  be  difficult  to  prove  in 
a  given  case  that  a  50  percent  reduction  in  dam¬ 
age  claims  resulted  solely  from  better  containers 
or  loading.  Other  factors  might  have  changed. 
Under  the  law,  it  is  the  shipper’s  duty  to  pack 
and  load  his  shipment  so  it  will  carry  safely  in 
normal  transportation.  Damage  claims  are  a 
cost  factor  in  rate  making. 


Question:  What  is  the  experience  with  drop 
tests  of  packaged  products  made  at  the  factory 
before  shipment.^  I  notice  the  Freight  Classifi¬ 
cation  specifies  drop  tests  for  glassware. 

Mr.  Green:  There  has  been  a  large  reduction 
in  damage  claims  on  glassware  since  the  manu¬ 
facturers  began  to  use  drop  tests  two  or  three 
years  ago,  and  particularly  since  such  tests  were 
put  in  the  Classification.  It  is  really  a  test  based 
on  performance.  Mail  order  houses,  for  ex¬ 
ample,  have  employed  such  tests  on  all  sorts  of 
fragile  articles,  and  have  learned  how  to  keep 
damage  down  to  a  low  point.  Drop  tests  for 
chinaware,  pottery,  earthenware,  etc.  will  be 
docketed  for  public  hearings  shortly. 

This  type  of  testing  and  other  tests  are  in¬ 
cluded  in  the  National  Safe  Transit"  Program  of 
the  Porcelain  Enamel  Institute.  This  program 
is  unqualifiedly  endorsed  by  all  carriers.  Large 
manufacturers  who  have  adopted  the  full  pro¬ 
gram  have  reduced  transit  damage  substantially. 
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Loss  and  Damage  in  Transit  in  Relation  to  Shipping 
Containers  (Viewpoint  of  the  Container  Manufacturer) 

J.  M.  Ladd 

Manager,  Design  &  Testing  Laboratory,  General  Box  Company,  Chicago,  Illinois 

Damage  to  goods  in  transit  has  increased  tremendously  in  the  past  ten  years,  but  can  be  reduced  by 
cooperation  among  the  shippers,  the  carriers,  and  the  container  manufaaurers.  Ihe  latter  ^up  can  contribute 
to  this  program  by  a  number  of  services  herein  outlined,  and  as  a  group  have  establish^  projects  now 
showing  beneficial  results. 


Introduction 

HE  economic  loss  occasioned  by  damage 
to  goods  in  transit  is  of  such  magnitude 
that  it  should  be  of  deep  concern  to  all 
of  us.  Because  of  its  importance,  the  three  in¬ 
dustrial  groups  most  directly  concerned,  namely; 
the  shippers,  the  carriers  and  the  container 
manufacturers,  are  all  represented  by  papers  at 
this  meeting.  It  might  naturally  be  assumed  that 
the  carriers  and  the  shippers  have  the  most  at 
stake  in  reducing  loss  and  damage,  but  the  con¬ 
tainer  manufacturer  has  an  interest  equally  vital. 
Satisfied  customers  are  the  prerequisite  for  re¬ 
peat  business,  and  only  satisfactory  shipping 
performance  will  build  for  us  the  good  will 
necessary  for  any  industry.  Each  of  the  above 
mentioned  groups  has  a  definite  responsibility 
to  perform  to  bring  about  a  reduction  of  dam¬ 
age  to  goods  in  transit. 

Scope 

Since  there  are  so  many  different  types  of 
containers  ranging  from  paper  bags  to  steel 
drums,  it  would  not  be  practical  to  herein  dis¬ 
cuss  individual  containers.  Each  has  its  own 
advantages  and  disadvantages  and  will  perform 
well  when  used  in  the  manner  for  which  it  is 
intended,  and  the  relation  of  the  manufacturers 
of  each  to  the  problem  at  hand  is  very  similar. 
Neither  will  we  attempt  to  herein  present  de¬ 
tailed  statistics  concerning  transit  loss  since  the 
carriers  are  better  qualified  to  present  these 
figures.  Suffice  it  to  say  that  the  number  of 
railroad  damage  claims  presented  annually 
climbed  from  2,380,143  in  1940  to  4,890,601 
in  1948,  with  damage  jumping  from 
$21,059,149  to  a  staggering  $135,390,664  dur¬ 
ing  the  same  period  of  time.  This  paper,  there¬ 
fore,  is  intended  to  outline  the  methods  by 
which  the  container  manufacturer  can  promote 
safe  shipping,  and  it  will  discuss  some  of  the 
steps  which  members  of  this  group  have  taken 
to  assure  fulfillment  of  their  part  in  the  pro¬ 
gram. 


Functions  of  the  Container  Manufacturer 

The  types  of  assistance  to  the  shipper  which 
can  be  offered  by  the  container  manufacturer 
might  be  itemized  under  six  headings:  1.  Proper 
container  design.  2. .Compliance  with  existing 
specifications.  3.  Correct  manufacture.  4.  In¬ 
struction  in  proper  usage.  5.  Advice  in  carload¬ 
ing.  6.  Inspection  of  shipments  at  destination. 
These  are  of  such  importance  that  each  justifies 
further  discussion. 

Proper  Container  Design 

This  is  the  initial  step  to  insure  safe  arrival 
of  the  product  and  is  of  primary  importance. 
For  most  items,  shipping  containers  should  be 
engineered  to  do  the  specific  job  for  which  they 
are  intended  since  the  use  of  second-hand  con¬ 
tainers  or  stock  sizes  frequently  contributes  to 
shipping  losses.  For  this  design  work,  many 
container  manufacturers  provide  laboratories 
which  are  staffed  with  qualified  packaging  en¬ 
gineers  and  equipped  with  various  package  test¬ 
ing  devices.  It  is  the  laboratory’s  responsibility 
to  establish  container  specifications  for  specific 
items  which  will  assure  safe  arrival  despite  nor¬ 
mal  shipping  hazards.  Full  cooperation  from 
the  customer  is  needed  of  course.  Such  coopera¬ 
tion  will  prove  to  be  mutually  beneficial.  It  fre¬ 
quently  happens  that  in  the  original  engineer¬ 
ing  of  a  product,  little  or  no  thought  is  given  to 
transporting  it;  whereas,  if  shipping  is  duly  con¬ 
sidered,  the  unit  may  possibly  be  slightly  altered 
with  consequent  savings  in  the  container  cost. 
Our  own  company  has  always  stressed  the 
slogan  "The  G)ntainer  is  Part  of  the  Product”, 
since  all  the  effort’s  expended  by  the  manufac¬ 
turer  to  create  a  quality  product  are  in  vain  if  it 
arrives  at  destination  in  a  damaged  condition. 
Many  shippers  now  maintain  their  own  pack¬ 
age  engineering  staff,  and  when  such  is  the 
case,  the  container  supplier  should  work  very 
closely  with  these  individuals.  Each  has  com¬ 
plete  knowledge  of  his  product;  its  strong  points 
and  its  weak  ones,  the  manufacturing  limita- 


107 


FOREST  PRODUCTS  RESEARCH  SOCIETY 


I 


tions  that  may  be  involved,  cost  features,  ease 
of  packing,  and  many  other  apparently  minor 
details  that  can  greatly  affect  the  cost  or  the 
carrying  qualities  of  the  finished  package. 

Compliance  With  Existing  Specifications 

This  is  a  joint  responsibility  of  the  customer 
and  supplier.  The  packing  of  many  commodi¬ 
ties  is  covered  by  detailed  specifications  in  the 
Consolidated  Freight  Classification,  government 
specifications,  association  specifications,  etc.  The 
container  manufacturer  can’t  be  blamed  for 
quoting  on  boxes  which  may  not  comply  with 
such  specifications  if  this  requirement  is  not  in¬ 
cluded  in  the  invitation  to  bid.  However,  if 
told  the  type  of  product  to  be  shipped  and  the 
specifications  governing  such  shipments,  it  then 
becomes  his  responsibility  to  furnish  containers 
complying  with  these  specifications. 

Correct  Manufacture 

It  of  course  is  the  suppliers’  duty  to  comply 
with  the  specifications  established  and  to  pro¬ 
duce  containers  of  acceptable  commercial  quality 
upon  which  the  design  and  specifications  were 
predicated. 

Instruction  in  Proper  Usage 

This  is  another  highly  important  part  of  the 
container  manufacturer’s  job.  Specifications  are 
based  on  proper  packing  and  closure  of  the  con¬ 
tainers,  and  poor  work  here  may  mean  that  the 
containers  develop  only  a  fraction  of  the 
strength  that  might  be  produced.  Unfortunately, 
a  shipping  department  is  strictly  overhead  and 
there  is  sometimes  a  tendency  to  maintain  lower 
supervision  and  inspection  standards  in  this  de¬ 
partment  than  in  other  departments,  with  con¬ 
sequent  detrimental  effects.  This  service  is  a 
never-ending  job  since  personnel  changes  in  a 
shipping  department  necessitate  further  instruc¬ 
tion  through  which  a  good  container  salesman 
can  continue  to  provide  service  to  his  customer 
far  beyond  that  of  taking  orders  and  getting 
deliveries  through  on  time.  For  example,  not 
long  ago  we  were  advised  of  abnormal  ship¬ 
ping  damage  on  an  item  for  which  we  had  fur¬ 
nished  crates  for  years  that  had  carried  safely. 
Investigation  revealed  that  the  customer  had 
arbitrarily  reduced  the  number  of  nails  used  in 
the  packing  process.  An  addition  of  only  six 
nails  per  crate  eliminated  the  damage  on  subse¬ 
quent  shipments. 


Assistance  in  Carloading 

Proper  carloading  often  is  as  important  as 
the  container  design  in  the  prevention  of  dam¬ 
age.  A  well  qualified  container  salesman  not 
only  has  knowledge  of  his  product  but  also  of 
good  carloading  procedure  which  will  permit 
him  to  render  valuable  service  to  his  customer. 
For  instance,  one  of  the  large  water  heater 
manufacturers  whom  we  serve  has  reduced  his 
shipping  damage  from  an  excessive  amount  to 
less  than  one  unit  per  thousand  by  a  change  in 
carloading  practice  along  with  a  minor  change 
in  the  crate. 

Inspection  of  Shipments  on  Arrival 

Most  national  container  manufacturers  are 
able  to  check  the  condition  of  test  shipments 
on  arrival  at  various  parts  of  the  country.  This 
will  frequently  permit  them  to  suggest  im¬ 
provements  in  crating  or  carloading  which  will 
reduce  damage  or  possibly  lower  the  cost  of  the 
container.  Written  reports  by  consignees  are 
fine  but  are  seldom  given  by  competent  pack¬ 
ing  engineers  and  as  a  consequence  often  do 
not  give  sufficient  information  to  permit  evalua¬ 
tion  of  the  container  and  subsequent  improve¬ 
ment.  We  recently  uncrated,  examined  and  re¬ 
packed  three  carloads  of  automatic  washing 
machines  after  shipment,  and  an  evaluation  of 
the  results  allowed  us  to  reduce  the  cost  of  the 
crate  by  12  percent. 

We  are  proud  to  state  that  we  believe  the 
container  industry  is  doing  an  excellent  job  in 
fulfilling  its  various  responsibilities.  Damage 
will  never  be  eliminated  entirely  since  packing 
is  entirely  an  overhead  item  and  the  cost  is  so 
important.  It  would  be  a  simple  matter  to  pack 
most  items  so  that  they  could  never  be  dam¬ 
aged  if  cost  were  not  a  primary  consideration, 
but  competition  between  different  types  of  con¬ 
tainers  as  well  as  between  supplies  of  the  same 
item  enforces  the  design  of  the  cheapest  con¬ 
tainer  possible.  It  then  sometimes  happens  that 
because  of  shipping  department  budgets,  the 
customer  insists  on  a  still  cheaper  package 
which  may  eliminate  all  margin  of  safety  in 
the  shipping  container.  Thus,  there  is  a  joint 
responsibility  to  obtain  good  packages  and  a 
limit  past  which  neither  must  go  in  reducing 
specifications.  Actually,  most  shippers  do  not 
strive  for  a  perfect  shipping  record  since  this 
would  indicate  over-packing  by  a  container 
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more  expensive  than  might  be  used.  Thus, 
occasional  damage  indicates  that  the  container 
is  adequate  for  normal  shipping  yet  not  over- 
designed  to  withstand  the  abnormal  shocks  that 
goods  in  transit  sometimes  receive. 

Testing  of  Containers 

As  previously  mentioned,  arriving  at  the  cor¬ 
rect  specifications  is  probably  the  most  impor¬ 
tant  step  in  reducing  shipping  damage,  and 
this  can  be  done  most  efficiently  in  the  labora¬ 
tories  of  container  manufacturers.  Here,  quali¬ 
fied  package  engineers  with  a  background  of 
experience  in  packing  every  conceivable  prod¬ 
uct,  study  the  specific  problem  at  hand.  They 
consider  the  handling  received  in  the  shipper’s 
plant,  the  probable  handling  in  transit,  the 
length  of  the  trip,  rehandlings  or  inspections 
required,  and  other  facts  pertinent  to  the  ship¬ 
ment.  After  the  engineers  have  decided  upon 
the  specifications,  samples  built  to  these  speci¬ 
fications  are  actually  tested.  Unfortunately, 
package  engineering  is  not  an  exact  science  and 
none  of 'us  can  say  with  certainty  that  a  4^-inch 
crate  slat  will  carry,  but  a  4-inch  slat  would 
surely  fail.  Thus,  a  number  of  testing  devices 


have  been  developed  over  a  period  of  years 
to  reproduce  the  conditions  encountered  in 
actual  shipment,  and  which  can  be  controlled 
and  duplicated  so  that  comparative  figures  can 
be  obtained  and  evaluated.  Actual  trial  ship¬ 
ments  are  of  course  the  finest  and  surest  tests 
possible,  but  usually  they  are  impractical  from 
a  standpoint  of  time  and  cost.  By  rapid  labora¬ 
tory  tests,  results  can  be  obtained  which  are  an 
excellent  indication  of  the  crate  performance 
to  be  expected  in  final  shipments.  The  more 
common  testing  devices  and  their  functions  are 
listed  as  follows: 

Incline  Impact  Testing  Machine 

The  incline  impact  testing  machine  (Fig.  1), 
often  called  the  Conbur  Tester,  was  originally 
developed  by  the  Freight  Container  Bureau. 
It  is  primarily  intended  to  simulate  the  shocks 
which  a  container  receives  in  transit  during 
humping  or  coupling,  but  it  is  also  an  excellent 
method  of  producing  controlled  blows  and  can 
be  used  to  duplicate  other  types  of  rough  han¬ 
dling.  The  package  to  be  tested  is  placed  on 
the  free  running  "dolly”,  which  is  raised  up 
to  a  predetermined  height  on  the  inclined  track 


Fig.  1. — Incline-impact  (Conbur)  tester. 
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and  then  released  so  that  it  and  the  package 
strike  the  barrier  at  a  calculated  speed.  The 
package  can  be  placed  flush  with  the  leading 
edge  of  the  dolly  or  extended  out  over  it.  All 
faces  or  edges  or  even  corners  can  be  subjected 
to  such  impacts  according  to  the  results  desired. 
It  is  an  excellent  method  of  testing  and  one  of 
those  most  frequently  used  in  testing  shipping 
containers. 

Vibration  or  Shaker  Machine 

The  vibration  or  shaker  machine  (Fig.  2)  is 
intended  to  reproduce  and  intensify  the  vibra¬ 
tion  encountered  by  a  container  in  transit.  The 
actual  vibration  depends  on  a  great  many  fac¬ 
tors;  the  speed  of  the  train,  the  condition  of 
the  road  bed,  the  condition  of  the  car  and  its 
springs,  the  weight  in  the  car,  etc.  This  vibra¬ 
tion  can  frequently  be  damaging  to  both  con¬ 
tainer  and  contents.  It  is  extremely  difficult 
to  correlate  time  on  this  machine  to  distance 
traveled  by  a  shipment  because  of  so  many  vari¬ 
ables,  but  intensified  vibration  is  produced 
which  will  develop  any  weakness  in  either  the 
container  or  product  which  might  be  brought 
out  by  vibration  in  transit. 


Revolving  Drum 

The  revolving  drum  turns  (Fig.  3)  at  a  con¬ 
stant  rate  and  subjects  the  container  to  con¬ 
trolled  rough  handling  in  which  the  faces,  edges 
and  corners  are  given  blows  by  the  scientifically 
placed  ha2ards  within  the  machine.  Since  the 
same  blows  are  duplicated  for  packages  of  the 
same  size  and  shape,  it  is  an  excellent  method 
for  comparing  two  types  of  packages  as  well  as 
for  providing  information  concerning  the  gen¬ 
eral  strength  of  the  container.  These  machines 
are  available  in  two  sizes;  seven  feet  in  diameter 
and  fourteen  feet  in  diameter.  The  smaller 
drum  as  shown  will  accommodate  packages  up 
to  20  inches  in  any  one  dimension  and  250 
pounds  in  weight.  TTie  large  drum  can  be  used 
for  packages  up  to  42  inches  in  length  and 
approximately  600  pounds  in  weight. 

Compression  Testing  Machine 

As  the  name  implies,  the  compression  testing 
machine  (Fig.  4)  is  used  to  determine  the  com¬ 
pression  strength  of  the  container.  It  can  be 
used  with  the  pressure  applied  flat  on  a  top, 
side,  or  end  of  the  box  to  check  the  stacking 
strength,  or  the  pressure  may  be  applied  diag¬ 
onally  from  one  edge  to  another  to  determine 


Fig.  4. — Compression  testing  machine. 
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the  resistance  to  distortion  of  the  box  sections. 
It  may  also  be  applied  from  one  corner  to  the 
diagonally  opposite  corner.  This  method  stresses 
all  six  panels  of  the  container  and  frequently 
reveals  important  information  to  the  ciating 
engineer. 

Drop  Test 

It  is  always  necessary  to  anticipate  the  possi¬ 
bility  of  a  container  being  given  accidental  falls, 
and  so  controlled  drops  are  used  in  the  labora¬ 
tory  to  measure  the  resistance  of  a  container  to 
damage  of  this  nature.  These  falls  can  be  made 
on  faces,  edges,  or  corners,  and  are  produced 
by  the  lightweight  package  drop  tester  (Fig.  5) 
or  by  the  heavy  duty  drop  tester  (Fig.  6). 
[  Unfortunately,  no  universal  standards  have  yet 


Fig.  6. — Heavy-duty  drop  tester. 
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corded  by  the  gauge  in  pounds  per  square  inch, 
which  is  the  industry  method  of  classifying  the 
strength  of  this  material. 

General  Electric  Puncture  Tester 

The  General  Electric  Puncture  Tester,  (Fig. 
7),  also  called  the  Beach  Tester,  offers  a 
means  of  measuring  the  resistance  to  puncture 
and  the  stiffness  possessed  by  a  material.  A 
pyramidal  puncture  point  is  attached  to  the  end 
of  a  pendulum  which  is  released  from  a  con¬ 
stant  position  and  swings  through  an  arc  before 
puncturing  the  test  specimen.  Weights  can  be 
attached  to  this  pendulum  to  vary  the  striking 
force  as  may  be  desired,  and  the  force  required 
for  puncture  is  read  from  the  scale  of  the 
machine  which  translates  it  into  inch-ounces  per 
inch  of  tear  of  the  specimen. 

Other  testing  machines;  There  are  a  number 
of  other  specialized  instruments  for  testing  con¬ 
tainers  or  component  parts  thereof  such  as  the 
"G”  meter,  the  ring  crush  tester,  Elmendorf 
Tester,  etc.,  but  the  above  mentioned  methods 
are  usually  adequate  to  determine  the  service¬ 
ability  of  a  container. 

Programs  to  Reduce  Transit  Loss 

A  fine  project  illustrating  cooperation  be¬ 
tween  the  shippers,  carriers,  and  the  container 
manufacturers  originated  about  two  years  ago 
and  the  results  are  now  becoming  apparent  in 
reduced  damage  in  transit.  In  early  1948,  the 
Porcelain  Enamel  Institute  sponsored  the  forma¬ 
tion  of  a  National  Safe  Transit  Program  under 
the  guidance  of  the  National  Safe  Transit  Com¬ 
mittee.  This  Committe  was  made  up  of  repre¬ 
sentatives  of  major  appliance  and  allied  metal 
product  companies,  the  carriers,  and  the  pack¬ 
aging  industry.  They  decided  that  the  stagger¬ 
ing  losses  which  had  been  sustained  in  transit 
necessitated  the  adoption  of  some  type  of  pre¬ 
testing  which  would  indicate  crating  procedures 
that  would  prove  to  be  satisfactory  for  ship¬ 
ment.  After  a  great  deal  of  study,  a  system  of 
pre-testing  was  established  which  required  only 
the  vibration  testing  machine,  the  incline  im¬ 
pact  tester  and  the  package  drop  tester.  Stand¬ 
ards  were  established  according  to  the  weight 
and  nature  of  the  product,  and  laboratories  of 
shippers,  independent  organizations  and  con¬ 
tainer  manufacturers  were  certified  for  the  pro¬ 
gram.  Manufacturers  whose  packaged  products 


test  satisfactorily  are  entitled  to  affix  the  Safe 
Transit  Label  to  these  products,  which  in  itself 
encourages  safe  handling.  This  is  still  a  rela¬ 
tively  new  program  but  one  which  has  aroused 
wide  interest  in  this  and  in  other  industries.  All 
indications  are  that  it  is  greatly  reducing  the  loss 
in  transit,  and  many  manufacturers  say  that  it 
has  actually  reduced  their  costs  also  since  the 
tests  have  resulted  in  improved  methods  of 
packing  with  more  efficient  use  of  the  material 
required.  The  National  Safe  Transit  G>mmit- 
tee  statement  of  policy  says:  "If  you  will  test 
your  packaged  products  by  these  test  proce¬ 
dures,  experience  has  shown  that  your  loss  and 
damage  and  your  packaging  costs  will  be  ac¬ 
ceptable  minimums.  It  is  up  to  each  shipper  to 
decide  whether  or  not  he  will  use  these  test 
procedures.  The  program  is  entirely  voluntary 
and  implies  no  connection  with  tariffs,  freight 
rates,  claim  procedures  or  any  other  existing 
transit  regulations.” 

The  container  industry  has  undertaken  vari¬ 
ous  projects  to  learn  more  about  transit  damage 
and  how  to  prevent  it.  An  extensive  study  is 
currently  being  carried  out  jointly  by  the  rail¬ 
roads  and  the  Fibre  Box  Association.  Three  in¬ 
spection  teams  composed  of  members  of  each 
group  are  inspecting  shipments  in  transit  and 
at  destination.  When  damage  is  found,  a  de¬ 
tailed  study  is  made  to  determine  its  cause  and 
whether  it  should  be  attributed  to  inadequate 
packing,  carloading,  rough  handling,  or  un¬ 
known  causes.  This  program  was  started  in 
September  1949,  and  no  results  have  been  pub¬ 
lished  to  date,  but  the  reports  to  be  made  at  the 
conclusion  of  this  project  will  surely  be  of 
value  to  all  in  producing  safe  shipments. 

A  somewhat  similar  program  was  carried  on 
for  three  years  by  a  corporation  called  the 
Shipping  Container  Institute.  This  was  an  or¬ 
ganization  established  to  discover  and  correlate 
the  true  facts  relating  to  transit  damage  to  mer¬ 
chandise  being  shipped  in  fibre  boxes,  and  it 
was  supported  by  sixteen  large  manufacturers 
of  corrugated  and  fibre  containers.  In  coopera¬ 
tion  with  the  box  manufacturers,  the  carriers, 
the  shippers,  and  the  consignees,  the  Institute 
obtained  comprehensive  data  on  a  large  number 
of  shipments  which  could  be  analyzed  for  per¬ 
tinent  facts  relating  to  damage.  On  each  ship¬ 
ment  it  received  the  following  reports:  1.  A 
report  from  the  container  supplier  relating 
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specifications  and  manufacturing  details.  2.  A 
report  from  a  testing  laboratory  giving  an  anal¬ 
ysis  of  the  boxes  and  materials.  3.  A  report 
from  the  shipper  describing  the  packing,  han¬ 
dling,  and  loading  of  the  merchandise.  4.  A 
report  from  the  consignee  or  from  an  inspector 
describing  the  condition  of  the  boxes  and  con¬ 
tents  at  destination.  This  program  was  origi¬ 
nated  in  early  1946  and  the  Institute  was  dis¬ 
banded  in  May,  1949.  The  reports  and  findings 
are  now  being  made  public  and  contain  much 
information  helpful  to  the  carriers  and  ship¬ 
pers  as  well  as  to  the  container  manufacturers. 

Another  example  of  industry’s  efforts  to  pro¬ 
vide  better  packaging  is  the  engineering  course 
recently  sponsored  by  the  Wirebound  Box 
Manufacturers  Association  wherein  a  very  de¬ 
tailed  and  complete  course  in  the  designing 
and  use  of  wirebound  crates  and  boxes  was  of¬ 
fered  to  all  interested  personnel  in  the  indus¬ 
try.  This  was  conducted  as  a  correspondence 
course  supplemented  by  periodic  clinics,  and 
was  organized  to  develop  competent  engineers 
well  qualified  to  design  and  service  adequate 
containers.  Such  programs  will  result  in  safer 
shipping  and  in  more  economical  shipping 
since  a  well  engineered  package  means  a  bal¬ 
anced  package  with  only  an  adequate  margin 
of  safety. 

The  Society  of  Industrial  Packaging  and  Ma¬ 
terials  Handling  Engineers  provides  another 
meeting  ground  of  the  representatives  of  the 
shippers,  carriers,  and  container  suppliers. 
Through  their  meetings  and  annual  conven¬ 
tions,  a  great  deal  of  information  is  dissemi¬ 
nated  which  is  sure  to  result  in  reduction  of 
losses.  The  Safe-Packing  contest  conducted  as 
a  part  of  their  annual  convention  tends  to  focus 
the  attention  of  top  management  on  this  phase 
of  industry  which  is  too  often  delegated  to  a 
shipping  clerk. 

Package  engineering  is  a  relatively  new  sci¬ 
ence,  but  it  is  one  which  is  rapidly  receiving 


more  attention.  Several  colleges  have  recently 
instituted  courses  in  this  subject,  and  short 
courses  are  now  conducted  annually  at  the  con¬ 
ventions  of  the  SIPMHE.  Large  shippers  can 
easily  justify  the  maintenance  of  their  own 
package  engineering  department  but  smaller 
concerns  can  do  equally  well  by  utilizing  the 
services  oflFered  by  their  container  supplier. 

It  seems  evident  that  these  various  programs 
and  facts  are  achieving  success  for  although  the 
final  damage  figures  for  1949  are  not  pub¬ 
lished  at  printing  date,  indications  are  that  the 
amount  charged  to  this  account  will  be  reduced 
approximately  $20,000,000  from  1948  and  that 
a  further  reduction  will  occur  in  1950.  The 
carriers  themselves  have  of  course  played  a 
major  part  in  this  successful  program,  but  the 
container  manufacturers  deserve  credit  also. 

Relation  of  Problem  to  FPRS 

As  a  representative  of  the  container  indus¬ 
try,  it  is  a  pleasure  to  have  the  opportunity  to 
present  our  position  on  this  problem  to  the 
members  of  the  Forest  Products  Research  So¬ 
ciety  for  discussion.  The  entire  cost  of  Packag¬ 
ing  and  Packing  has  been  estimated  to  approxi¬ 
mate  nine  billion  dollars  annually  or  more  than 
the  sales  volume  of  U.  S.  Steel  and  General 
Motors  combined.  During  the  various  war 
years,  it  was  estimated  that  from  20  percent  to 
35  percent  of  the  total  production  of  lumber 
went  into  boxing  and  crating,  whereas  in  nor¬ 
mal  years  this  figure  approximates  15  percent. 
Of  the  20,000,000  tons  of  paper  used  in  the 
United  States  per  year,  approximately  5,000,000 
tons  are  used  in  the  manufacture  of  corrugated 
boxes.  This  all  adds  up  to  a  tremendous  market 
and  also  one  which  utilizes  grades  of  lumber 
which  would  otherwise  be  difficult  to  sell.  Thus 
our  problem  is  one  of  particular  concern  to 
this  entire  group  and  we  welcome  your  interest 
in  it. 
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Loss  and  Damage  in  Transit  in  Relation  to  Shipping 
Containers  (What  Can  be  Done  by  the  Manufacturer 
to  Reduce  This  Loss) 

W.  B.  Keefe 

Packaging  Engineer,  Westinghouse  Electric  Company,  Mansfield,  Ohio 

Along  with  the  steady  rise  in  volume  and  value  of  shipments  of  finished  appliances  and  allied  metal 
products,  there  has  also  been  an  increase  in  claims  for  damage  in  shipment  of  these  products.  To  reduce 
such  damage  and  resulant  claims  and  promote  good  will  between  manufacturers  and  carriers,  the  National 
Safe  Transn  Committee  was  initiated.  The  objective  of  this  Committee  is  to  encourage  the  testing  of  packag^ 
produas  by  test  procedures  that  will  measure  their  adequacy  or  resistance  to  damage  during  shipment.  The 
program  is  entirely  voluntary. 


Introduction 

ECAUSE,  we  at  Westinghouse,  believe 
wholeheartedly  in  objectives  and  methods 
of  the  National  Safe  Transit  Committee, 
we  have  given  of  our  time  and  effort  to  sup¬ 
port  the  program  and  become  active  on  this 
Conunittee. 

The  basic  objectives  of  the  Safe  Transit  Com¬ 
mittee  are  the  expansion  of  a  practical  program 
for  reducing  damage  to  packaged  products  dur¬ 
ing  handling  and  while  in  transit  and  enlisting 
the  cooperation  of  all  manufacturers  of  these 
products  for  putting  such  a  program  in  opera¬ 
tion. 

A  statement  of  policy  of  this  program  is 
simply  saying  to  the  shippers:  "If  you  will 
test  your  packaged  products  by  these  test  pro¬ 
cedures,  experience  has  shown  that  your  loss 
and  damage  and  your  packaging  costs  will  be 
acceptable  minimums.  It  is  up  to  each  shipper 
to  decide  whether  or  not  he  will  use  these  test 
procedures.  The  program  is  entirely  voluntary 
and  implies  no  connection  with  tariffs,  freight 
rates,  claim  procedures  or  any  other  existing 
transit  regulations.” 

It  was  believed  actual  shipping  records  of 
both  types  of  products — those  that  have  had 
good  shipping  records  and  those  that  have  had 
bad  shipping  records — was  the  basis  upon  which 
any  recommendation  should  be  made.  The 
Technical  Planning  Division  of  the  committee 
has  developed  technical  procedures  and  equip¬ 
ment  for  testing,  before  shipment,  the  ability 
of  the  packaged  finish  metal  product  to  with¬ 
stand  normal  handling  from  the  production 
line  to  the  consumer. 


Outlines  of  the  National  Safe  Transit 
Committee  Program 

After  considerable  study  and  actual  tests,  the 
Technical  Planning  Committee  devised  a  test 
specification  for  products  weighing  100  to  1,000 
pounds  (Project  I)  and  for  products  weighing 
1  to  100  pounds  (Project  lA).  Both  specifica¬ 
tions  have  been  approved  by  the  industry  and 
carriers. 

The  manufacturer’s  part  in  this  cooperative 
program  consists  of  a  proven  pre-testing  plan 
for  packaged  products  that  will  predetermine 
their  shipability  and  resistance  to  normal  han¬ 
dling  damage.  The  manufacturer  may  know  in 
advance  whether  his  product  is  properly  con¬ 
structed  and  safely  packaged  for  shipment. 

The  Safe  Transit  Committee  confines  its 
activities  to  the  testing  of  packaged  products — 
neither  the  package  nor  the  product  separately. 
It  is  not  the  Committee’s  intent  to  interfere 
with  the  prerogatives  of  the  individual  manu¬ 
facturer  in  his  design,  fabrication  or  packaging 
techniques.  Preshipment  tests,  as  devised,  will 
predetermine  whether  packaged  product  will 
arrive  at  its  final  destination  safely.  Structural 
strength  built  into  an  article  to  overcome  in¬ 
adequate  packaging  is  costly  and  unreliable. 
Packaging  strength  sufficient  to  protect  an  arti¬ 
cle  with  a  structural  weakness  is  also  costly 
and  undesirable.  In  both  cases,  transit  damage 
will  likely  be  excessive. 

A  change  in  the  package,  a  change  in  the 
product,  or  a  change  in  both,  made  on  the  basis 
of  tests  established  by  this  committee  are  left 
wholly  to  the  manufacturer’s  discretion. 
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The  manufacturer  may  install  two  pieces  of 
test  equipment  for  heavy  units  and  a  third  piece 
for  the  light  units  for  conducting  in-plant 
tests.  The  approximate  cost  of  equipment  is 
$2,000.00. 

As  an  alternative,  the  manufacturer  may  rely 
on  established  laboratories  for  conducting  the 
specified  tests  and  certifying  the  results. 

The  magnitude  of  the  shocks  imposed  on  a 
packaged  unit  by  ordinary  hazards  in  trans¬ 
portation  and  handling  has  been  accurately 
measured  by  special  instruments. 

The  Safe  Transit  Pre-shipment  Test  Proce- 
'dures  are  based  on  the  reproduction  of  these 
shocks  in  the  testing  laboratory  and,  properly 
applied,  they  will  show  the  shipability  of  the 
packaged  unit.  These  are  strictly  performance 
tests. 

The  manufacturer  must  determine  for  him¬ 
self  causes  of  any  failures,  whether  it  is  in  his 
container,  his  product  design,  or  both. 

Testing  Procedures 

The  complete  details  of  the  Testing  proce¬ 
dures  for  Project  I  and  I A  are  as  follows; 

Project  I 

This  procedure  for  Project  I  of  the  National 
Safe  Transit  Program,  as  developed  by  the 
Technical  Planning  Division  of  the  National 
Safe  Transit  Committee,  covers  testing  of  pack¬ 
aged  products  weighing  100  to  1000  pounds  as 
prepared  for  transportation,  and  supersedes  all 
previous  procedures. 

Test  cycle  shall  consist  of: 

1.  Vibration  Test 

2.  Impact  Test 

Tests  shall  be  conducted  in  the  above  order. 

Vibration  test  equipment.  L.  A.  B.  Package 
Tester  or  other  equipment  producing  equiva¬ 
lent  results. 

Test  procedure.  The  packaged  product  shall 
be  placed  on  the  table  of  the  vibration  tester; 
fences  may  be  attached  to  the  test  table  suit¬ 
able  for  the  product  being  tested.  Vibration 
frequency  shall  be  such  that  the  packaged  prod¬ 
uct  leaves  the  table  momentarily  at  some  inter¬ 
val  during  the  vibration  cycle  (equivalent  to 
acceleration  of  Ig  +).  The  test  shall  be  con¬ 
ducted  for  a  minimum  of  one  hour. 

Note:  A  simple  method  of  determining 
Tg  -f”  is  to  advance  the  cycle  of  vibration 


RESEARCH  SOCIETY 


until  a  thin  piece  of  cardboard  can  be  inserted 
between  one  bottom  edge  of  packaged  product 
and  the  platform  of  the  machine. 

Impact  (longitudinal  shock)  Test  Equip¬ 
ment.  The  Conbur  Incline  Testing  Device  or 
other  equipment  producing  equivalent  results. 

A  shock  recorder  known  as  RS  two-way 
recorder  No.  2W-330,  or  equivalent. 

Test  procedure.  The  container  to  be  tested 
shall  be  placed  on  the  dolly  with  the  face  or 
edge  which  is  to  receive  the  impact  projecting 
two  inches  beyond  or  flush  with  the  forward 
end  of  the  dolly. 

The  shock  recorder  shall  be  positioned  on 
the  packaged  product  to  record  the  maximum 
shock  received  during  the  impact  test.  This  in¬ 
strument  should  be  mounted  on  a  special 
mounting  board.  The  mounting  board  should 
be  as  long  as  the  side  of  the  container  on 
which  it  is  mounted.  The  recorder  should  be 
placed  so  that  a  center  line  through  the  length 
of  the  recorder  is  at  right  angles  to  the  plane 
of  the  backstop.  (On  solid  wooden  boxes  no 
mounting  board  is  necessary). 

When  conducting  the  test  the  dolly  and  con¬ 
tainer  shall  be  drawn  up  the  incline  to  the 
predetermined  position  (the  position  shall  be 
such  as  to  produce  impact  into  the  1st  quarter 
of  the  5th  zone  of  the  shock  recorder)  and 
released.  This  test  shall  be  repeated  so  that 
each  face  of  the  container  and  the  bottom  is 
subjected  to  the  impact.  This  shall  constitute  a 
complete  standard  impact  test.  The  position  of 
the  container  on  the  dolly  and  the  sequence  in 
which  the  faces  or  edges  are  subjected  to  im¬ 
pacts  may  be  at  the  option  of  the  manufacturer 
and  will  depend  on  the  packaged  product  under 
test. 

The  packaged  product  shall  be  considered  to 
have  satisfactorily  passed  this  test,  if  the  prod¬ 
uct  is  free  from  damage  upon  unpacking. 

The  number  of  Packaged  Products  to  be 
tested  is  left  to  the  judgment  of  the  manufac¬ 
turer;  however,  the  sample  should  be  sufficiently 
large  to  assure  valid  results. 

Note:  When  it  is  desired  to  create  a  hazaxd 
to  concentrate  the  impact  at  any  particular  point 
of  the  packaged  product  attach  securely  a  4-inch 
by  4-inch  wood  member  across  the  face  of  the 
backstop  at  the  point  where  it  will  make  the 
desired  contact. 
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Project  I-A 

This  procedure  for  Project  I-A  of  the  Na¬ 
tional  Safe  Transit  Program  covers  testing  of 
packaged  products,  both  single  and  multiple 
packed,  weighing  under  100  pounds  as  pre¬ 
pared  for  transportation. 

Test  cycle  shall  consist  of: 

1.  Vibration  Test 

2.  Drop  Test 

Tests  shall  be  conducted  in  the  order  indi¬ 
cated. 

Vibration  test  equipment.  L.  A.  B.  Package 
Tester  or  other  equipment  producing  equiva¬ 
lent  results. 

Test  procedure  and  performance  limits.  The 
packaged  product  shall  be  placed  on  the  table 
of  the  vibration  tester;  fences  may  be  attached 
to  the  test  table  suitable  for  the  product  being 
tested.  Vibration  frequency  shall  be  such  that 
the  packaged  product  leaves  the  table  momen¬ 
tarily  at  some  interval  during  the  vibration  cycle 
(equivalent  to  acceleration  of  Ig  +).  The  test 
shall  be  run  for  a  minimum  of  one  hour. 

Drop  Test  Equipment.  The  apparatus  shall 
consist  of  the  following: 

(a)  Divided  table  top  drop  tester  such  as 
Acme  Drop  Tester  or  other  equipment 
producing  equivalent  results. 

(b)  Hoist  with  suitable  sling  tripping  de¬ 
vice.  Surface  on  which  package  is  to  be 
dropped  must  be  a  flat  firm  base  (such 
as  steel  or  concrete). 

Test  procedure  and  performance  limits  pro¬ 
cedure.  The  procedure  for  identifying  faces, 
edges  and  corners  of  containers  shall  be  as 
follows: 

(a)  Facing  one  end  of  the  container,  with 
the  manufacturer’s  joint,  if  any,  on  the 
observer’s  right: 

Designate  top  of  container  as  one. 

The  right  side  as  two. 

'The  bottom  as  three. 

The  left  side  as  four. 

The  near  end  as  five. 

The  far  end  as  six. 

(b)  Identifying  edges  by  numbers  of  two 
faces  that  form  that  edge:  Example: 

1- 2  identifies  the  edge  formed  by 

the  top  and  right  side. 

2- 5  the  edge  formed  by  the  right  side 

and  the  near  end. 


(c)  Identifying  the  corners  by  the  numbers 
of  the  three  faces  that  meet  to  form  that 
corner.  Example: 

1-2-5  identifies  the  corner  formed 
by  the  top,  right  side,  and  near  end. 

The  packaged  product  shall  be  dropped 
from  the  prescribed  height  (see  performance 
limits)  in  the  following  sequence  which  con¬ 
stitutes  a  drop  test  cycle: 

(a)  A  corner  drop  on  the  5-1-2  corner. 

(b)  An  edge  drop  on  the  shortest  edge  radi¬ 
ating  from  that  corner. 

(c)  An  edge  drop  on  the  next  shortest  edge 
radiating  from  that  corner. 

(d)  An  edge  drop  on  the  longest  edge  radi¬ 
ating  from  that  corner. 

(e)  Flatwise  drop  on  one  of  smallest  faces. 

(f)  Flatwise  drop  on  opposite  smallest  face. 

(g)  Flatwise  drop  on  one  of  medium  faces. 

(i)  Flatwise  drop  on  one  of  largest  faces. 

(j)  Flatwise  drop  on  opposite  large  face. 

Performance  limits. 

1.  Weight  of  Packaged  Product — 50 
pounds  and  under.  Articles — Single  or 
multiple  packaged  products  such  as 
washing  machine  tubs,  table  tops,  stove 
panels,  etc. — Drop — 24  inches. 

la.  Weight  of  Packaged  Product — Over  50 
pounds  and  under  approx.  100  pounds. 
Articles — as  in  1. 

Drop — 12  inches  maximum  or  72  inches 
on  Conbur  (optional). 

2.  Weight  of  Packaged  Product — 50 
pounds  and  under. 

Articles — Completely  assembled  products 
(and  allied  parts)  such  as  roasters,  cook¬ 
ers,  hot  plates,  etc. 

Drop— 18  inches. 

2a.  Weight  of  Packaged  Product — Over  50 
pounds  and  under  approx.  100  pounds. 
Articles — as  in  2. 

Drop — 12  inches  minimum  or  72  inches 
on  Conbur  (optional)^. 

3.  Weight  of  Packaged  Product — 50 
pounds  and  under. 

Articles — Hollow  ware. 

Drop - 12  inches  minimum. 

3a.  Weight  of  Packaged  Product — Over  50 
pounds  and  under  approx.  100  pounds. 
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Articles — as  above. 

Drop — 12  inches  minimum  or  72  inches 
on  Conbur  (optional)^. 

The  packaged  product  shall  be  considered  to 
have  satisfactorily  passed  this  test,  if  upon  un¬ 
packing,  the  product  is  free  from  damage. 

The  number  of  packaged  products  to  be 
tested  is  left  to  the  judgment  of  the  manufac¬ 
turer;  however,  the  sample  should  be  suffi¬ 
ciently  large  to  assure  valid  results. 

The  Carrier’s  Program — ^Project  II 

The  carriers  responsible  for  handling  the 
finished  product  in  transit,  including  railroads, 
express  agencies,  truck  lines  and  airlines  have 
an  important  part  to  play  in  the  program. 

In-transit  research  into  the  causes  of  damage, 
education  of  employees  and  handlers  and  im¬ 
provement  of  rolling  stock  are  among  the 
problems  being  tackled. 

Project  III  and  IV 

The  development  of  recommended  loading 
procedure  and  the  preparation  of  instructional 
placards  are  being  carried  on  by  a  carrier-and- 
industrial  sub-committee  to  help  reduce  damage 
for  loading  practices. 

A  Loading  Manual  is  being  currently  worked 
up  which  will  be  distributed  to  manufacturers. 

Labeling  Program 

One  important  part  in  this  plan  is  the  Label¬ 
ing  Program  made  available  to  companies  cer¬ 
tifying  the  use  of  the  plan. 

The  distinctive  red  and  yellow  label  serves 
to  point  out  to  handlers  that  the  packaged  prod¬ 
uct  has  been  pre-tested  for  safe  shipment.  It 
also  shows  that  the  producer  is  doing  everything 
to  deliver  the  product  in  a  salable  condition. 

Some  Results  of  the  Program 

Continuously,  since  its  organization,  the 
Technical  Planning  Division  has  been  conduct¬ 
ing  correlation  tests  with  the  various  carrier 
groups  and  in  all  cases  the  established  test 
specifications  have  been  verified  by  the  results 
of  the  actual  correlation  tests. 

The  Supervisor  of  Shipping  at  our  Mansfield 
Plant  informs  me  that  we  ship  more  than  1,000 

‘  If  the  use  of  Conbur  Incline  Testing  Device  is 
elected,  the  sequence  of  the  test  will  be  as  described 
under  Drop  Test. 


carloads  a  month  for  which  we  purchase  from 
the  railroads  $300,000  worth  of  transportation. 

The  transportation  companies  have  only  serv¬ 
ice  to  sell.  In  that  service,  we  are  entitled  to 
prompt  delivery  of  the  car  and  the  merchandise 
in  good  condition. 

Several  times  each  year  we  ask  our  con¬ 
signees  for  a  report  on  the  conditions  of  the 
cars  as  received.  We  have  just  completed  a 
survey  covering  shipments  throughout  the  U.  S. 

1.  When  was  car  received? 

2.  What  was  the  condition  of  the  car  block¬ 
ing  and  packing  cases? 

3.  How  much  merchandise  was  damaged,  if 
any? 

4.  Did  you  notify  the  railroad  company  and 
what  was  their  report? 

The  results  of  the  survey  can  be  summarized 
very  briefly  as  follows: 

1.  Total  number  reports  received — 90  cities. 

2.  Total  number  cars  shipped — 253  cars. 

3.  Total  number  pieces  of  merchandise — 
15,600. 

4.  Number  cars  blocking  was  loose  or  broken 
— 30  cars. 

5.  Number  of  packing  cases  damaged — 187. 
Number  products  damaged — 25. 

We  consider  this  a  satisfactory  performance. 
Through  constant  effort  and  diligence  of  all  in¬ 
terested  parties,  I  am  sure  that  this  method  of 
approach  can  establish  a  record  of  real  improve¬ 
ment  on  the  shipping  records  of  major  appli¬ 
ances  and  allied  metal  finished  products. 

Discussion 

Mr.  Geo.  J.  Merten  (Evans  Products  Com¬ 
pany)  :  Has  your  company  noticed  an  appre¬ 
ciated  decrease  in  damage  with  the  use  of  your 
label  variative  technique? 

Mr.  Keefe:  At  present,  our  damage  losses 
are  the  lowest  they  have  ever  been.  These  re¬ 
sults  are  attributed  to  several  factors — one  of 
which  is  the  variative  Fragile  Label;  another, 
the  pre-performance  tests  according  to  the 
National  Safe  Transit  Program. 

We  have  no  direct  method  of  measuring  this 
decrease  in  damage  as  to  how  much  can  be 
credited  to  the  informative  labels  but  we  know 
that  our  over-all  program  has  helped  to  de¬ 
crease  and  maintain  our  low  damage  figure. 
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Economic  Aspects  of  Papermaking  Fibrous 
Raw  Materials 

Louis  T.  Stevenson 

Economist,  American  Paper  and  Pulp  Association 

Northeast  Europe,  the  United  States,  and  Canada  are  the  main  areas  of  the  world  bearing  pulpable  species. 
The  lead  in  pulping  processes  in  the  United  States  has  shifted  from  sulphite  to  sulphate  pulp.  In  1960  a  total 
of  30  million  tons  of  paper  and  board  will  be  needed  for  United  States  consumption. 


Introduction 

HE  paper  industry  is  an  old  industry,  as 
industries  go.  It  far  antedates  such  indus¬ 
tries  as  the  railroad  industry,  the  motor 
car  industry,  and  the  electrical  industry,  to  say 
nothing  of  those  vigorous  youngsters,  the  air¬ 
plane  and  radio  industries. 

Ever  since  its  founding  in  China  in  the  first 
century  A.  D.  the  paper  industry  has  been 
searching  for  new,  better,  and  cheaper  raw  ma¬ 
terials.  In  the  first  seventeen  hundred  years  it 
had  found  nothing  more  satisfactory  to  widen 
its  raw  material  base  than  linen  and  cotton 
rags.  About  the  year  1800  Scheele’s  experi¬ 
ments  resulted  in  the  application  of  chlorine  to 
the  bleaching  of  colored  rags  for  the  production 
of  white  paper,  thus  enlarging  the  raw  material 
base  for  that  most  important  product  of  the 
industry. 

Research  had  been  undertaken  before  that 
time  by  a  number  of  individuals  into  the  pos¬ 
sibility  of  using  annual  growth  fibers  for  paper¬ 
making.  Jacob  Christian  Schaeffer,  between  the 
years  1765  and  1772,  made  paper  from  eighty 
different  vegetable  fibers. 

Paper,  being  made  from  cellulose  fibers,  can 
use  for  its  raw  material  any  leafy  green  plant. 
Papermakers  have  therefore  practically  an  in¬ 
exhaustible  supply  of  raw  material.  The  main 
problem  is  the  economic  choice  of  which  one  to 
use.  To  be  sure,  each  of  the  raw  material 
sources  is  endowed  with  different  physical  and 
chemical  characteristics.  Each  has  its  problems 
of  assembling  and  harvesting.  But  each  is  a 
potential  competitor  of  all  others,  and  is  there¬ 
fore  an  economic  factor  that  gets  balanced, 
either  consciously  or  unconsciously,  by  the 
paper  manufacturer  in  his  choice  of  the  fibers 
from  which  to  make  his  products. 


Principal  Fibrous  Materials 

The  principal  fibrous  raw  materials  used  in 
papermaking  today  are: 

Wood  pulp  of  various  kinds  and  grades, 
waste  paper,  straw,  rags,  flax,  cotton  (sta¬ 
ple  and  Enters),  manila  stock,  and  various 
other  fibers  such  as  used  jute  rope. 

The  foregoing  list  represents  the  major  raw 
materials  used  in  the  United  States.  For  Eng¬ 
land  and  the  European  continent  the  list  should 
include  esparto  grass  from  Spain  and  North 
Africa. 

The  relative  importance  of  these  raw  mate¬ 
rials  to  the  United  States  paper  industry  will  be 
recognized  by  the  fact  that  in  1948  wood  pulp 
was  61.4  percent  and  waste  paper  32.4  percent, 
or  a  total  of  93.8  percent  of  all  the  fibrous 
material  consumed.  The  following  tabulation 
gives  the  detailed  percentage  breakdown  of 
fibrous  materials  for  the  years  1944  and  1948: 


1944 

1948 

Material 

Percent 

Percent 

Rags - 

___  2.28 

1.78 

Paper  Stock _ 

_ 36.59 

32.40 

Manila  Rope _ 

—  .05 

Included  in  Other 

Straw _ 

—  2.97 

2.23 

Other _ — 

—  2.09 

2.19 

Total _ _ 

___  43.98 

38.60 

Wood  Pulp  _ _ 

56.02 

61.40 

Grand  Total _ 

—  100.00 

100.00 

The  1944  data  are  strongly  influenced  by  the 
wartime  conditions  of  wood  pulp  shortages  in 
the  United  States,  while  the  1948  data  show  a 
more  normal  competitive  structure. 

Including  wood  pulp,  which  will  be  dis¬ 
cussed  at  length  somewhat  later,  all  these  mate¬ 
rials  are  waste  or  "scavenger”  materials.  They 
are  by-products  discarded  after  the  primary  util- 
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ity  has  been  absorbed  in  the  production  of 
some  other  good  or  service.  Each  one  presents 
a  collection  problem  of  no  mean  importance. 
The  collection  of  waste  paper,  for  example,  is 
a  well  organized  business,  but  less  than  30  per¬ 
cent  of  the  total  paper  and  board  consumed  (in¬ 
cluding  imports  of  newsprint)  normally  reaches 
the  paper  mills  again  as  a  raw  material  in  the 
shape  of  waste  paper.  The  balance  is  destroyed 
either  in  or  after  its  primary  use. 

Wood  Pulp  the  Major 
Papermaking  Material 

The  foregoing  tab\ilation  shows  that  in  1948, 
if  the  wood  pulp  content  of  waste  paper  is 
counted,  91  percent  of  papermaking  fibrous  raw 
materials  originated  in  the  woods.  More  than 
6l  percent  was  virgin  wood  pulp  and  about  30 
percent  was  reused  in  the  form  of  waste  paper. 

World’s  Wood  Distribution 

The  accompanying  map  (Fig.  1)  of  the 
world  on  Mercator’s  projection  will  give  a 
broad  picture  of  the  distribution  of  the  world’s 
forest  resources.  One  should  recognize,  when 
looking  at  this  map,  that  Mercator’s  projection 
of  necessity  distorts,  by  stretching  out,  the  ex¬ 
treme  northern  and  southern  hemispheres.  In 
this  map  it  tends  to  overemphasize  the  acreage 


of  conifers  in  the  northern  hemisphere.  Never¬ 
theless  the  map  shows  the  dominant  position 
of  the  northern  hemisphere  with  respect  to  the 
conifers.  These  areas  are  shown  in  black.  The 
almost  treeless  areas  appear  as  white  areas.  It 
is  easy  to  pick  out  the  white  areas  of  the  plains 
states  in  the  United  States  and  Canada,  the 
Argentine  pampas,  the  Sahara,  Gobi,  and  Aus¬ 
tralian  deserts,  the  steppes  of  Russia,  and  the 
South  African  veldt. 

Dominance  of  Coniferous  Wood 

"The  pulping  industry  has  been  utilizing  soft 
coniferous  woods  primarily  for  several  reasons, 
among  which,  for  example,  may  be  cited: 

(a)  The  longer  fibers  of  the  conifers  have 
been  considered  indispensable  for 
strength  properties, 

(b)  The  generally  more  porous  structure  has 
provided  greater  facility  in  the  penetra¬ 
tion  of  chemicals  for  chemical  pulping, 

(c)  The  combination  of  longer  fibers  and 
softer  structure  have  made  the  conifers 
better  adapted  to  mechanical  pulping 
with  superior  results.”^ 

^W.  E.  Byron  Baker,  Manager  Paper  Research, 
New  York  and  Pennsylvania  Company. 


Fig.  1. — Important  timber  areas  of  the  world. 


COMIFCKS 

ha«ID«K)00S  and  W>xe0  tvacs 
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Due  to  these  features  coniferous  wood  is  the 
dominant  pulpwood  for  use  in  the  following 
pulping  processes:  (1)  sulphite,  (2)  ground- 
wood,  (3)  sulphate,  (4)  soda. 

The  semichemical  pulping  process,  which 
has  been  developed  comparatively  recently,  is 
being  used  successfully  in  the  pulping  of  both 
hardwood  and  softwood.  It  seems  to  have  a 
great  future  ahead  for  hardwood  pulping. 

Volume  and  Availability  of  Pulpwood 

The  dominant  position  of  the  northern  hem¬ 
isphere  with  respect  to  coniferous  wood  and  the 
adaptability  of  that  wood  to  the  major  pulping 
processes  results  in  the  fact  that  almost  the 
entire  world  production  of  wood  pulp  is  in  the 
northern  hemisphere.  There  is  some  wood  pulp 
production  in  South  America,  Australia,  New 
Zealand,  and  South  Africa  from  native  woods. 
But  compared  with  the  northern  hemisphere 
production  it  is  not  significant. 

Accessibility  of  wood  supply  is  an  important 
economic  factor  that  has  its  effect  upon  north¬ 
ern  Canadian,  Russian,  and  Siberian  wood  sup¬ 
plies.  Mainly  because  the  rivers  in  these  regions 
run  north  into  the  Arctic  ocean  and  are  frozen 
for  most  of  the  year  and  because  of  the  human 


and  operational  difficulties  of  operating  in  these 
areas,  there  is  little  use  made  of  these  forests 
for  pulping. 

That  leaves  northeast  Europe,  the  United 
States,  and  Canada, — west  coast  and  St.  Law¬ 
rence  basin, — as  the  main  accessible  forest  areas 
bearing  coniferous  wood.  These  are  the  paper- 
making  areas  of  the  world,  and  accessibility  of 
pulpable  species  is  the  principal  reason. 

Regional  United  States  Supplies  of  Wood 

The  latest  available  comprehensive  survey  of 
the  United  States  forests  gives  the  status  at  the 
beginning  of  1945  and  the  following  discussion 
and  tables  are  based  on  that  Survey.^  Drain, 
wood  pulp,  and  pulpwood  data  are  for  the  year 
1944  unless  otherwise  noted.^ 

In  the  accompanying  maps  (Figs.  2  and  3) 
timber  stand,  growth,  and  drain  are  shown  in 
millions  of  cubic  feet  by  regions.  The  shaded 
areas  represent  the  timber  stand,  plotted  on  the 
same  scale  for  comparison.  Fig.  2  shows  these 

*  Pulpwood  receipts  data,  American  Paper  and  Pulp 
Association  Pulpwood  Survey  and  Wood  Pulp  Pro¬ 
duction,  U.  S.  Pulp  Producers  Association;  Forest 
data,  Forest  Service  Report  I,  from  a  Reappraisal  of 
the  Forest  Situation  issued  in  1946. 


Fig.  2. — Total  timber  stand,  growth,  and  drain  in  million  cubic  feet  by  regions,  1944. 
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Table  1. — Timber  Stand,  Growth,  and  Drain  in  Millions  of  Cubic  Feet  by  Regions 

All  Timber  Softwood 


Region  Stand 

New  England . 24,  626 

Middle  Atlantic _ _ _  27, 359 

Lake .  23, 200 

Central _  20,  992 

PUina .  3,  723 

South  Atlantic.. _ _ _ _  35, 965 

Southeast . . —  54,220 

West  Gulf .  40,  689 

Oregon  and  Washington _ 145,  879 

California . . .  44,600 

No.  Rocky  Ml . . . 33,350 

So.  Rocky  Mt . . .  15,442 


All  Regions,  Total _  470,  045 


Growth 

Drain 

Stand 

Growth 

Drain 

897 

761 

11,318 

419 

375 

1,  397 

846 

5,376 

273 

180 

812 

747 

7,000 

178 

323 

1,440 

1,201 

1,  479 

95 

49 

120 

118 

269 

11 

7 

1,  761 

1,596 

17,031 

1,  007 

1,063 

2,  714 

3,023 

23,  841 

1,  480 

1,  789 

1,  916 

1,842 

17. 460 

1,033 

851 

1, 243 

2,618 

144, 122 

1,211 

2,613 

335 

489 

44,600 

335 

489 

540 

316 

32,926 

537 

310 

195 

104 

14,  575 

177 

102 

13,  370 

13,  661 

319,  997 

6,  756 

8, 151 

data  for  the  total  timber  stand;  Fig.  3  for  soft¬ 
wood.  Table  1  is  the  basis  for  these  maps. 

Wartime  Data 

It  should  be  recognized  at  once  that  this  pic¬ 
ture  represents  almost  peak  wartime  conditions. 
The  nation  was  putting  forth  its  maximum  war¬ 
time  effort  with  the  feeling  that  all  possible 
sacrifice  must  be  made  to  support  the  boys  in 
the  armed  services. 

Broad  Facts 

Taken  as  a  whole  it  should  be  recalled  that 
the  forests  products  compete  with  one  another 
for  raw  material.  The  product  of  the  forest,  a 


tree,  may  be  used  by  anyone  of  several  com¬ 
peting  industries.  The  major  uses  are  indicated 
in  table  2  for  the  year  1944. 

Each  one  of  these  consumers  of  wood  has  its 
own  particular  requirements  to  which  the  wood 
supply  must  be  adjusted.  That  these  require¬ 
ments  may  be  changed  from  time  to  time  by 
technological  developments  is  well  illustrated 
in  the  case  of  pulpwood  for  the  paper  industry 
where  the  southern  pines  45  years  ago  were  con¬ 
sidered  unpulpable,  and  are  now  our  largest 
source  of  pulpwood. 

The  constantly  shifting  economic  forces  that 
play  upon  these  industries  are  reflected  in  their 


Fig.  3. — Total  softwood  timber  stand,  growth,  aid  drain  in  million  cubic  feet  by  regions,  1944. 
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Table  2. — Drain  on  United  States  Forests  1944 


MilUons 

Percent  < 

Use 

Cu.  Ft. 

Total 

Lumber _ _ _ _ 

.  6, 711 

49.1 

Fuel  wood _ 

.  -  -  2,203 

16.1 

Pulpwood _ _ _ _ 

.  1, 306 

9.6 

Hewed  Ties . 

.  363 

2.7 

Fence  Poets _ 

.  220 

1.6 

Veneer  Lo« . . . . 

Mine  Timbers . . - 

.  392 

2.9 

.  225 

1.6 

Cooperage . . . 

.  174 

1.3 

Shingles _ _ _ 

.  72 

.6 

Other _ 

.  616 

3.8 

Total  for  Manufactured _ 

.  12. 182 

89.2 

Losses  by  fire . . . . 

.  460 

3.4 

Losses  by  insects,  etc . . 

.  1, 019 

7.4 

Total  Drain _ 

.  13, 661 

100.0 

demands  for  wood.  These  shifting  demands  in 
turn  play  upon  the  available  supply  of  wood, 
the  components  of  which  have  varying  growth 
cycles,  differing  conditions  of  harvesting,  of 
size,  location,  terrain,  growth  and  species  in  the 
different  regions. 

Pulp  Mill  Requirements 

The  pulp  and  paper  industry  has  been  built 
to  its  present  size  largely  upon  the  basis  of  using 
wood  that  was  discarded  as  unmanufacturable 
by  sawmills  and  other  users.  The  pulp  mill  was 
started  to  consume  such  by-products  of  the  saw¬ 
mill  by  such  outstanding  operations  as  those  of 
the  Brown  Company  in  New  England  and  the 
Weyerhaeuser  Timber  Company  on  the  West 
Coast.  Consequently  pulpwood  has  been  a 
"scavenger”  or  by-product  operation  for  many 
concerns.  In  some  cases  wood  from  tree  farm 
thinnings  as  small  as  2  inches  in  diameter  is 
now  being  used  by  pulp  mills. 

Pulpwood  Prices 

In  addition  to  cutting  pulpwood  from  com¬ 
pany-owned  land,  a  great  deal  of  pulpwood  is 
bought  by  pulp  mills  from  small  landowners. 
No  accurate  measure  of  the  percentage  this 
bears  to  the  whole  is  available,  but  current  esti¬ 
mates  run  from  70  percent  to  75  percent  for 
the  areas  east  of  the  Rocky  Mountains.  The 
prices  paid  for  this  small  landowners’  wood 
must  compete  with  those  paid  by  users  other 
than  pulp  mills,  and  so  indicate  the  competitive 
position  of  pulpwood  in  the  market  for  forest 
products.  Table  3  shows  the  average  value  per 
cord  over  a  period  of  years  -for  purchased  pulp¬ 
wood: 


Table  3.- 


-PULPWOOD  Average  Values' 
per  Cord — 1947 


(f.o.b.  Plant) 

By  Kind:  Value 

Total  Pulpwood _ 917.83 

Spruce  and  True  Fir _ 26.77 

Hemlock _ 18.47 

Jack  Pine _  19.49 

Southern  Pine... _ 14.44 

Poplar  (Aapen  and  Popple) _  18.75 

Northern  Mixed  Hardwooda _  20.49 

Southern  Mixed  Hardwoods _  14.68 

Other,  including  Slabs  and  Mill  Waste _  12.02 

Rosaed 
and 


By  Kind  and  Condition: 

Total 

Rough 

Peeled 

Total  Pulpwood _ 

$17.83 

$17.12 

$22.74 

Softwood — Total _ 

18.00 

17.33 

26.03 

Spruce  and  True  Fir _ _ 

26.77 

24.68 

29.99 

Douglas  Fir _ 

Hemlock..  ... _ 

15.21 

16.21 

11.  g. 

18.47 

18.28 

21.66 

Jack  Pine-... _ , _ 

19.49 

19.39 

20.76 

Southern  Pine _ 

14.44 

14.42 

16.10 

Other,  including  Slabs  and  Mill 
Waste _ 

12.49 

12.41 

13.44 

Hardwood — Total.... _ 

16.76 

16.00 

19.43 

Northern  Mixed  Hardwoods.  .  . 

20.49 

19.68 

21.93 

Poplar  (Aspen  and  Popplel _ 

Southern  Mixed  Hardwooda _ 

18.75 

16.86 

20.66 

14.68 

14.49 

16.34 

Other,  including  Slabs  and  Mill 
Wastes _ 

13.81 

6.00 

14.29 

By  Divisions  and  States: 

-  Total  United  States _ 

Value 

Value 

$17.83 

New  England _ 

23.23 

Maine _ _ $22.70 

New  Hampshire  .  _ _  24.82 

Vermont,  Massachusetts  and 

Rhode  Island _ 27.93 

Middle  Atlantic _ _ _  _ _ 

New  York _ 28.06 

New  Jersey _  13.37 

Pennsylvania _ _ 26.18 

East  North  Central _ _ _ _ _ 

Ohio  and  Illinois . . 16.66 

Michigan _ 23.36 

Wisconsin.. _  23.26 

West  North  Central _ _ _ _ _ 

Minnesota _ 18.30 

South  Atlantic _ _ 

Virginia _  12.28 

North  Carolina . . 14.35 

Florida _ 16.23 

Maryland,  South  Carolina  and  Georgia..  16.41 

East  South  Central . . . . 

Tennessee  and  Alabama _  12.75 

Mississippi _  13.47 

West  South  Central _ _ 

Arkansas  and  Texas _  14.02 

Louisiana _ _ 14.17 

Pacific _ _ 

California _ _  16.16 

Oregon .  19.69 

Washington _ 16.60 

By  Regions: 

Totm  United  States _ 

Northeast _ _ _ 

Appalachian _ 

Lake  States _ _ _ _ _ _ 

South . . ...... _ 

Pacific  Coast _ _ _ _ _ 


26.38 


22.86 


18.30 

'14^86 


13.07 

’i4'i2 

'17' 06 


Value 

$17.83 

24.55 

16.02 

21.94 

14.40 

17.05 


Total 

Pulp- 

By  Years:  wo<^ 

1947 . ; . $17.83 

1939 .  7.82 

1938 .  8.10 

1937 .  7.97 

1936 .  7.71 

1936 . : .  7.64 

1934 .  7.73 

1933 .  7.37 

1931 .  10.94 

1929 .  13.09 

1919 .  16.95 

1909 .  8.62 

1899 .  4.96 

■Source:  U.  S.  Bureau  of  the  Census — Census  of  Manu¬ 
facturers  1947. 
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It  will  be  seen  that  spruce  and  true  fir  pulp- 
wood  has  brought  consistently  higher  prices 
and  that  southern  pine  has  brought  consistently 
low  prices.  The  average  value  has  fluctuated 
widely  over  a  period  of  48  years. 

Regional  Production  of  Wood  Pulp 

The  regional  production  of  wood  pulp  shows 
the  extent  to  which  the  wood  pulp  industry  has 
grown  in  the  regions  where  pulpwood  has  been 
comparatively  cheap  and  plentiful. 

A  1944  comparison  of  wood  pulp  production 
by  regions  with  total  timber  supply  for  the 
same  regions  is  shown  in  table  4. 


Table  4. — Comparison  of  Wood  Pulp  Produc¬ 
tion  BY  Regions  With  Total  Timber  Supply 


Region 


Total  Timber  Wood  Pulp 
Supply  Production 

Million 

Cubic  Feet  Tons 


New  England... 
Middle  Atlantic. 


Lake _ _ _ 

Central _ 

Plains _ 

South  Atlantic . . 

Southeast... . 

West  Gulf.. . 

Or»on  and  Washington 

California _ 

No.  Rocky  Mountain.. 
So.  Rocky  Mountain... 


24.  626 

1, 277,  826 

27, 359 

811. 379 

23. 200 

1, 403, 241 

20.992 

72,396 

3,723 

35, 965 

1,  574, 424 

54.220 

1, 954, 207 

40.  689 

1,  346, 254 

145,  879 

1, 668,  716 

44,  600 

Included  above 

33,  350 

15,  442 

Total 


470,  045  10,  108,  443 


It  will  be  observed  that  there  was  no  produc¬ 
tion  of  wood  pulp  in  three  regions, — plains, 
and  north  and  south  Rocky  Mountains.  The 
plains  states  have  very  little  wood  and  the 
other  two  are  remote  from  markets,  with  high 
freight  rates  and  no  water-rail  competition.  A 
contributing  factor  is  that  National  Parks  and 
Forests  cover  a  large  portion  of  the  area,  while 
logging  conditions  in  these  areas  have  not  been 
too  easy. 

Grow  Trends  in  Wood  Pulp  Grades 

The  kinds  of  wood  pulp  that  are  made 
depend  upon  the  species  of  wood  that  are  avail¬ 
able  and  the  state  of  technical  developments  in 
the  industry.  The  progress  in  pulping  southern 
wood  has  been  rapid  in  the  last  fifteen  years. 
Between  1934  and  1948  the  production  of  all 
major  grades  of  wood  pulp  grew  considerably. 
Production  of  sulphite  doubled,  groundwood 
grew  by  2I/2  times,  while  soda  pulp  production 
increased  by  less  than  50  percent.  The  major 
growth,  however,  was  in  sulphate  and  the  semi¬ 
chemical  grades.  Sulphate  production  grew  to 


about  5  times  and  semichemical  over  6  times 
the  1934  production. 

The  following  tabulation  will  give  an  idea 
of  the  relative  importance  of  the  major  pulp 
processes: 


Percentage  of  Total 
Production 


Process 

1934 

1948 

Sulphite -  - 

—  33% 

22% 

Sulphate  _  _  _  - _ 

___  28 

47 

Groundwood _ 

___  29 

23 

Soda _  _ 

8 

4 

Semichemical  and  other _ 

2 

4 

Total _ _ _ 

___  100 

100 

The  lead  has  shifted  from  sulphite  to  sul¬ 
phate  pulp,  due  largely  to  the  development  of 
the  southern  pine  regions  through  technological 
developments  in  the  sulphate  pulping  process. 

State  Ranking 

Shifts  in  the  state  rankings  with  respect  to 
the  production  of  wood  pulp  do  not  occur  rap¬ 
idly.  In  the  three  years  from  1944  to  1947  the 
state  of  Washington  retained  first  place,  and 
Maine  and  Louisiana  followed,  in  that  order. 

Future  Requirements 

Projections  of  paper  and  board  production 
into  the  future  indicate  that  by  I960  a  total  of 
30  million  tons  of  paper  and  board  will  be 
needed  for  United  States  consumption.  Of 
these  30  million  tons  five  million  tons  of  news¬ 
print  will  probably  be  imported,  which  leaves 
25,000,000  tons  for  domestic  paper  and  board 
production.  On  the  basis  of  1948  data  this  will 
require  26,800,000  tons  of  raw  materials,  of 
which  16,400,000  tons  will  be  wood  pulp. 
This,  on  the  same  1948  basis,  would  be  divided 
among  the  grades  as  follows: 


Process 

Tons 

Sulphite  _  _  _ 

Sulphate  _ _ _ 

Groundwood  _  _ 

Soda _ _  _ _ _ _ 

Semichemical  _  _  _ 

-  3,608,000 

-  7,708,000 

-  3,772,000 

-  656,000 

.  -  656,000 

Total  _  _ 

.  —  _  16,400,000 

Allowing  for 

Wood  Pulp  Imports _  2,000,000 

Leaves  (domestic  production) _  14,400,000 


To  produce  this  volume  of  wood  pulp  will 
require  approximately  23,000,000  cords  of 
pulpwood  of  which  about  21,500,000  cords 
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will  probably  be  the  portion  of  domestic  wood 
required.  These  estimates  are  based  upon  the 
assumption  of  a  distribution  of  wood  among 
domestic  species  and  imports  similar  to  that  of 
1949.  That  this  is  well  within  the  volume  of 
domestic  pulpwood  that  can  be  produced  with¬ 
out  strain  would  appear  from  the  fact  that  in 
1948  our  pulpwood  receipts  at  United  States 
mills  were  over  22  million  cords.  A  five  per¬ 
cent  increase  in  12  years  seems  easy  of  accom¬ 
plishment. 

Conservation  Movement 

The  movement  to  conserve  the  forest  re¬ 
sources  of  our  country  fits  in  ideally  with  the 
interests  of  the  pulp  and  paper  maker,  provided 
timber  is  grown  and  harvested  on  a  sustained 
yield  basis.  The  pulp  and  paper  makers  have 
a  tremendously  high  capital  investment  and 
"destructive  cutting”  operations  are  also  de¬ 
structive  of  their  sources  of  raw  material.  De¬ 
structive  cutting  pushes  back  the  circle  of  pulp¬ 
wood  procurement  until  transportation  charges 
eventually  become  so  burdensome  that  the 
mills’  costs  become  prohibitive. 

With  an  average  investment  in  1948  of 
$23,000  per  worker  and  $214  per  ton  of 
annual  production,  or  $66,340  per  ton  of  daily 
production,  the  pulp  and  paper  industry  is 
vitally  interested  in  maintaining  its  investment 
through  assuring  a  continuous  supply  of  wood 
at  a  reasonable  cost  to  the  mills.  That  is  the 
reason  why  the  pulp  and  paper  industry  is  in 
the  forefront  of  the  commercial  practice  of 
good  forestry  on  its  own  land  and  is  teaching 
a  sound  forestry  practice  to  the  small  landown¬ 
ers  that  supply  pulpwood  to  it. 

Integrated  Forestry  Operations 

It  has  been  found  practical  in  some  regions 
for  pulp  mills  that  own  forest  land  to  plant 
seedlings,  grow  a  forest,  and  in  the  process  to 
use  thinnings  for  pulpwood  and  eventually 
harvest  the  large  trees  for  sawtimber.  These 
practices  are  mutually  beneficial  to  both  the 
lumber  and  pulping  industries.  It  has  been 
asserted  that  the  pulp  miU  in  the  South  has 
made  possible  the  continuous  operation  of  saw¬ 
mills  by  providing  a  market  for  the  thinnings 
from  forest  land  and  thereby  has  helped  the 
timber  grower  to  carry  his  sawlogs  to  maturity. 


Summary  and  Conclusions 

Paper  can  be  made  from  any  leafy  green 
plant,  for  the  basic  fiber  is  cellulose,  which  is 
found  in  all  such  vegetation. 

The  particular  fiber  used  in  a  given  instance 
is  the  result  of  the  play  of  complex  economic 
forces  and  involves  the  interplay  of  the  supply 
of  various  fibers,  the  technical  processes  avail¬ 
able  for  extracting  the  fibers,  and  the  end-use 
requirements  for  the  paper  to  be  made. 

Coniferous  wood  has  been  found  to  yield  the 
best  and  most  economical  cellulose  fibers  for 
the  mass  production  of  paper.  Raw  cotton, 
cotton  and  linen  rags,  straw,  flax,  and  jute  have 
been  found  to  have  useful  fibers  for  special 
papers,  but  91  percent  of  the  fiber  used  in 
papermaking  comes  from  wood. 

The  northern  hemisphere  is  in  a  dominant 
position  with  respect  to  the  world  supply  of 
coniferous  wood,  the  main  accessible  forest 
areas  being  those  of  northeastern  Europe, 
Canada,  and  the  United  States. 

Growth  and  drain  of  all  timber  in  the 
United  States  is  respectively  about  3  percent  of 
supply.  About  10  percent  of  the  drain  is  in 
pulpwood,  10  percent  lost  through  fire  and 
disease,  and  the  remaining  80  percent  in  other 
wood-using  competing  industries. 

Frequently  a  pulp  mill  was  started  to  con¬ 
sume  wood  considered  unmanufacturable  by 
sawmills  and  other  wood-using  industries. 

The  wood  pulp  industry  has  developed  in 
regions  where  pulpwood  has  been  compara¬ 
tively  cheap  and  plentiful.  The  kinds  of  wood 
pulp  made  depend  largely  on  the  available 
species  of  wood.  The  production  of  sulphate 
pulp  has  increased  5  times  since  1934  and  has, 
due  to  the  development  of  the  southern  pine 
region,  become  the  major  grade  of  wood  pulp, 
accounting  for  47  percent  of  the  total. 

A  projection  of  future  requirements  indicates 
that  the  United  States  can  easily  meet  its  ex¬ 
pected  i960  pulpwood  requirements  without 
increasing  its  imports  of  pulpwood.  The  move¬ 
ment  on  the  part  of  the  industry  to  conserve 
the  forest  resources  of  this  country  is  tied-in 
with  the  high  capital  investment  of  pulp  and 
paper  mills,  among  which  there  is  a  growing 
tendency  toward  integrated  forestry  operations. 
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Discussion 

Col.  W.  B.  Greeley  (West  Coast  Lumber¬ 
men’s  Association) :  Since  the  saturation  point 
in  consumption  of  paper  has  not  yet  been 
reached,  can  we  utilize  unused  species  such  as 
red  alder  in  the  Northwest  and  poplar  and 
aspen  in  the  Lake  States  ? 

Mr.  Stevenson:  The  Forest  Products  Labora¬ 
tory  is  working  on  alder  as  well  as  poplar.  Dur¬ 
ing  the  past  10-15  years,  there  has  been  an 
increase  of  5  to  25  per  cent  in  the  consumption 
of  poplar.  A  large  variety  of  species  are  used 
throughout  the  country  to  make  pulp  and  paper. 

Mr.  R.  C.  Fraunberger  (Philco  Corpora¬ 
tion)  :  You  mention  that  average  value  of  pulp- 
wood  has  fluctuated  widely  over  a  period  of  48 
years.  Please  elaborate  on  the  secular  trend 
versus  the  cyclical  movements.  Do  you  have 
figures  on  stumpage  cost,  and  if  so,  what  per 
cent  does  stumpage  represent  of  the  value  of 
pulpwood? 

Mr.  Stevenson:  Pulpwood  prices  in  1947 
were  double  those  of  40  years  ago.  I  cannot 
elaborate  on  stumpage  costs. 

Prof.  Fritz  (University  of  California) :  Do 
your  figures  include  pulpwood  usage  for  hard- 
board? 

Mr.  Stevenson:  Yes. 


From  the  Floor:  Can  salt  water  be  used  in 
pulping?  We  need  more  water  experiments. 

Mr.  Stevenson:  Water  is  an  important  sub¬ 
ject  in  Southeastern  United  States.  There  is  a 
tremendous  drain  on  the  water  supply  with  a 
resulting  drop  in  the  water  table.  There  is  a 
limit  to  water  resources.  The  Forest  Service  is 
conducting  studies  in  management  of  water 
supply  resources  and  their  water  holding  capac¬ 
ities.  The  Antioch  Mill  is  located  on  tide  water 
of  the  San  Joaquin  River  in  California.  It  uses 
up  to  one  third  concentrate  of  ocean  water.  Salt 
load  is  up  to  20  per  cent  in  cooking  liquor 
sometimes  as  a  result  of  salt  adhering  to  logs. 
Corrosion  is  a  problem,  of  course. 

Mr.  R.  N.  Hammond  (Weyerhaeuser  Timber 
Company) :  Statements  from  visiting  pulp  and 
paper  technical  men  fr^m  Finland  have  indi¬ 
cated  the  use  of  sea  water  throughout  a  sulfite 
mill  operation.  I  believe  some  reference  to  this 
operation  may  be  found  in  the  literature. 

Mr.  f.  Alfred  Hall  (Pacific  Northwest  Forest 
Experiment  Station) :  In  1936  U.  S.  Senate 
wanted  a  prediction  on  pulpwood  usage  for 
1950.  The  U.  S.  Forest  Service  prediction  has 
proven  to  be  correct,  so  that  your  I960  predic¬ 
tions  are  probably  correct,  also.  There  is  a  great 
demand  for  paper  in  the  U.  S.  It  is  358  pounds 
per  person  per  year  compared  to  8  pounds  per 
person  in  Mexico,  for  example. 
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Utilization  of  Low-Grade  Hardwoods  and  Soft¬ 
woods  in  the  Pacific  Northwest 


Geo.  L.  Drake 

Vice-President  in  Charge  of  Research  and  Forestry,  Simpson  Logging  Company,  Shelton,  Washington 


Due  to  the  large  stands  of  high  quality  virun  timber  available  in  the  Northwest  most  of  the  interest  in 
the  low  value  timbers  has  developed  in  the  past  fifteen  years. 

In  recent  years  the  developments  in  logmng,  traMportation  and  manufacturing  methods  coupled  with  the 
enactment  of  state  forest  laws  have  changed  the  thinking  of  men  responsible  for  forest  planning  and  have 
encouraged  closer  utilization. 

In  the  manufacturing  plants,  more  attention  to  the  yield  efficiencies  and  by-products  have  also  increased 
utilization. 

Research  made  possible  by  legislative  aaion  in  Oregon  and  Washington  will  bring  closer  utilization  of 
both  major  and  minor  species. 

The  better  utilization  now  and  expected  in  the  future  allows  a  much  sounder  forest  management  policy 
than  has  heretofore  been  possible. 


Introduction 

ROM  the  time  of  the  initial  settlements  in 
the  Pacific  Northwest,  the  economy  and 
prosperity  of  the  region  has  been  directly 
dependent  upon  its  forest  industries;  and  to¬ 
day,  even  with  the  development  of  other  in¬ 
dustries,  the  immediate  future  depends  on  the 
intensive  use  of  its  forests.  There  still  remain 
large  stands  of  virgin  timber;  and  up  to  the 
last  decade  virgin  timber  of  high  quality  was 
readily  available  to  the  mills  of  the  Pacific 
Northwest.  Consequently,  interest  in  low-value 
timber  has  developed  only  in  the  last  fifteen 
years. 

To  properly  understand  our  utilization  prob¬ 
lems,  especially  in  the  virgin  stands,  one  must 
realize  that  forest  conditions  in  these  stands 
are  vastly  different  from  those  in  timber  stands 
in  other  regions  of  the  United  States,  with  the 
exception  of  the  redwoods.  The  bulk  of  the 
remaining  miture  timber  in  the  Northwest  lies 
on  steep  mountains,  where  the  logging  costs 
are  high.  The  steepness  of  the  ground  plus  the 
large  size  of  the  timber,  coupled  with  its  age, 
leads  to  heavy  breakage,  with  more  debris  on 
the  ground  after  logging  than  in  other  regions. 
The  size  of  the  timber  varies  greatly  and  ma¬ 
chinery  heavy  enough  to  handle  the  larger  trees 
may  be  very  inefficient  in  logging  the  smaller 
trees  and  material  under  saw-timber  size.  Much 
of  the  country  is  so  steep_  and  rugged  that 
selective  logging  is  not  practical.  Clear  cutting 
necessitates  the  cutting  of  all  classes  of  timber 
at  one  time,  which  complicates  the  problem  of 
utilization. 


Up  to  the  advent  of  the  bulldozer  (which  is 
the  unsung  hero  of  present  day  transportation 
and  logging  methods),  it  was  difficult  and 
costly  to  get  the  equipment  close  to  the  timber; 
and  where  long  yarding  was  the  practice,  only 
the  larger  timber  and  better  species  paid  their 
way.  Today  truck  and  "cat”  roads  can  be  built 
at  reasonable  cost  with  bulldozers,  even  in  this 
steep  country,  and  equipment  can  be  moved 
closer  to  the  logs.  The  shorter  yarding  distance 
results  in  more  efficient  handling  of  smaller 
timber. 

Concurrent  with  the  development  of  logging 
and  transportation  favorable  for  closer  utiliza¬ 
tion  have  been  the  developments  of  manufac¬ 
turing  processes.  The  balance  between  profit¬ 
able  and  unprofitable  salvage  of  timber  has 
always  depended  on  logging  costs  and  what  the 
mill  could  pay.  Hence  it  was  important  that 
the  mill  be  efficient  as  well  as  the  logging. 

The  coming  of  the  pulp  mills  has  created  a 
market  for  hemlock  and  the  true  firs.  The  pulp 
mills  have  been  able  to  use  smaller  logs  than 
the  sawmills,  especially  since  the  development 
of  the  hydraulic  barker. 

The  rapid  expansion  of  plywood  plants  has 
created  a  demand  for  peeler  material.  Logs 
which  formerly  would  not  pay  their  way  due 
to  heavy  defect  are  now  in  demand  if  peeler 
blocks  can  be  cut  from  them.  This  demand  for 
peeler  material  has  distinctly  changed  the  pic¬ 
ture  in  areas,  like  the  Southern  Cascades,  where 
the  timber  is  highly  defective.  As  the  supply 
of  high  grade  fir  peeler  logs  became  more 
scarce,  it  was  found  that  by  patching  the  ply- 
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wood,  defects  could  be  covered  up,  and  poorer 
logs  were  used.  Species  are  now  used  for  peel¬ 
ing  which  were  formerly  considered  unsuitable. 

With  this  background  of  the  development  of 
better  utilization  in  the  Pacific  Northwest,  it  is 
of  interest  to  study  in  more  detail  the  trends 
towards  better  utilization  in  various  branches 
of  the  industry,  as  well  as  the  few  instances 
where  the  practices  are  unfavorable. 

Logging  Methods 

As  previously  mentioned,  developments  in 
better  transportation  and  logging  equipment, 
coupled  with  more  favorable  markets,  have 
encouraged  close  utilization.  But  most  notice¬ 
able  is  the  change  that  has  taken  place  in  the 
thinking  of  the  men  responsible  for  the  plan¬ 
ning  of  the  woods  operations.  Areas  of  small 
timber,  formerly  given  little  consideration,  are 
now  being  protected  from  logging  damage  and 
from  fire.  Small  trees,  especially  hemlock,  which 
were  formerly  knocked  down  in  logging  and 
never  utilized,  are  now  being  taken  out  either 
by  prelogging  or  relogging.  Here  the  develop¬ 
ment  of  a  market  for  pulping  timber  has 
helped.  Thinnings,  so  important  to  relieve  stag¬ 
nation  and  accelerate  growth,  are  being  made 
a  matter  of  study  in  many  parts  of  the  region; 
and  where  they  can  at  least  pay  their  way, 
such  thinnings  are  made  under  the  direction  of 
foresters.  The  enactment  of  practical  state  for¬ 
est  practice  laws  has  been  an  important  factor 
in  getting  some  to  think  along  these  lines. 

Improved  market  conditions  and  demand 
from  pulp  mills  are  resulting  not  only  in  the 
utilization  of  small  trees  but  also  in  the  more 
complete  salvage  of  defective  and  broken  tim¬ 
ber.  In  our  own  operations,  our  net  railroad  car 
scale  has  dropped  approximately  15  percent  in 
the  past  five  years  due  to  better  utilization  of 
small  logs,  slabs  and  defective  timber.  Our  re¬ 
cent  studies  of  material  left  in  the  woods  after 
logging  show  a  striking  decrease. 

Changes  in  scaling  practice  have  also  helped 
to  make  the  small  log  pay  its  way,  by  reckon¬ 
ing  the  content  in  cubic  feet  instead  of  board 
feet. 

Sawmill  Practices 

In  the  larger  mills  better  utilization  has  been 
obtained  by  closer  supervision  to  the  end  of 
getting  the  most  out  of  the  log.  Species  that 


formerly  were  not  cut  in  these  mills  are  now 
being  cut  generally  because  of  the  growing 
scarcity  of  Douglas  fir  and  the  development  of 
markets.  The  installation  of  Swedish  type  gang 
saws  for  cutting  logs  under  30  inches  in  diam¬ 
eter  has  been  a  factor  in  better  utilization. 

Due  to  the  postwar  demand  for  lumber,  many 
small  mills,  often  the  portable  type,  have 
sprung  up  in  the  Northwest.  Lumber  is  cut 
from  small  timber,  and  there  is  a  heavy  output 
of  ties.  Many  of  these  mills  are  powered  with 
internal  combustion  engines  and  as  a  result 
they  accumulate  large  quantities  of  slabs  and 
sawdust.  Until  markets  can  be  found  for  these 
by-products,  the  degree  of  utilization  in  these 
small  mills  will  remain  far  below  the  standard 
of  the  larger,  more  permanent  mills.  In  addi¬ 
tion  to  their  being  more  wasteful,  these  mills 
are  having  a  bearing  on  the  future  economy  of 
the  region,  especially  the  tie  mills,  in  that  they 
are  cutting  in  second-growth  stands  coming 
into  their  maximum  growth,  which  will  be 
needed  later  to  fill  the  gap  between  the  virgin 
timber  and  second  growth. 

The  use  of  hydraulic  barkers,  originally  de¬ 
veloped  for  pulp  mills,  has  been  extended  to  at 
least  one  large  sawmill;  and  by  removing  the 
bark  before  sawing  the  logs,  all  the  slabs  and 
edgings  are  made  readily  available  for  chip¬ 
ping.  The  Douglas  fir  bark,  which  comprises 
approximately  12  percent  of  the  volume  of  old 
growth  timber,  is  being  processed  at  this  plant 
into  useful  products. 

Remanufacturing  Processes 

While  progress  is  being  made  in  reducing 
waste  at  the  headrig,  many  mills  have  made 
great  strides  in  better  utilization  through  the 
refinement  of  products  after  the. initial  saving. 
Uses  have  been  found  for  slabs,  edgings  and 
short  lengths  which  formerly  went  into  the 
burner;  and  one  plant  that  now  specializes  in 
this  field,  through  a  central  plant  operates 
twelve  salvage  cut-up  plants  in  existing  saw¬ 
mills.  This  type  of  utilization  is  one  of  the 
most  promising  fields,  one  that  will  provide 
maximum  employment. 

In  view  of  the  fact  that  there  are  large  quan¬ 
tities  of  material  now  going  into  fuel  or  being 
wasted  in  the  smaller  mills,  a  study  of  re¬ 
sources  is  being  made  by  the  Washington  State 
Forest  Products  Institute.  This  study  is  making 
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available  data  on  the  quantity,  quality  and  loca¬ 
tion  of  this  type  of  material,  with  the  hope  that 
the  information  will  encourage  investment  in 
plants  to  utilize  this  valuable  resource.  A  study 
has  already  been  made  by  the  Division  of  For¬ 
estry  of  Washington  State,  of  the  amount  of 
slabs  resulting  from  the  operations  of  the  small 
mills.  In  some  localities  this  material  creates  a 
serious  fire  hazard. 

Plywood 

The  scarcity  of  high  grade  peeler  logs  and 
the  increased  capacity  of  the  industry  through 
new  mills  has  forced  the  industry  to  use  logs 
of  smaller  size  and  poorer  quality.  The  patch¬ 
ing  of  both  face  and  core  veneer  sheets  is 
common  practice,  and  specifications  have  been 
altered  to  permit  this  type  of  repair  in  many 
grades  of  plywood.  Face  overlays  are  being 
used  to  cover  up  surface  blemishes.  Edge-gluing 
of  small  pieces  is  also  common  practice.  In 
some  plants,  trimmings  formerly  used  for  fuel 
are  now  put  to  a  higher  use  such  as  fiberboard. 

While’ the  original  plywood  mills  were  de¬ 
signed  for  peeling  only  Douglas  fir,  many  of 
the  plants  are  today  using  other  species;  and 
the  special  problems,  such  as  drying,  have  been 
overcome. 

The  utilization  of  the  cores  resulting  from 
the  peeling  of  the  logs  has  shown  great  im¬ 
provement.  In  our  own  plants  the  cores  are 
either  sawn  into  ties  or  cut  into  core  stock  in  a 
small  lathe. 

Bulk  Fiber 

While  great  savings  have  been  made  through 
better  logging  practices  and  refinements  in 
manufacturing,  the  most  promising  develop¬ 
ments  in  utilization  have  been  made  in  plants 
that  use  bulk  fiber,  such  as  pulp  mills  and  in¬ 
sulating  or  hardboard  plants. 

Studies  made  of  the  material  left  behind  in 
logging,  in  the  form  of  small  unmerchantable 
trees  and  broken  or  defective  logs,  indicate  that 
this  material  will  best  pay  its  way  as  bulk  fiber. 
The  most  successful  prelogging  and  relogging 
operations  are  sending  this  type  of  material  to 
pulp  mills.  Thinnings  are  finding  their  best 
market  in  pulpwood.  Leftovers  from  the  saw¬ 
mills  are  being  successfully  chipped  and  con¬ 
verted  into  pulp  or  fiberboard.  Our  fiberboard 
plant  at  Shelton,  producing  approximately 


300,000  feet  of  insulation  board  per  day,  draws 
its  raw  material  from  the  leftovers  of  our  saw¬ 
mills  and  plywood  plants. 

Operations  that  are  integrated  are  taking  the 
lead  in  close  utilization  and,  what  is  equally 
important,  in  extracting  increased  employment 
from  the  raw  material.  In  our  own  integration 
of  logging  camps,  railroad,  sawmills,  plywood 
plants,  door  factory  and  fiberboard  plant,  we 
are  employing  approximately  twenty  persons  for 
each  million  feet  of  logs  produced  annually. 

Box  Material 

Ponderosa  pine  for  years  has  been  a  domi¬ 
nant  species  in  the  box  industry,  due  to  the 
properties  of  the  wood  and  the  favorable  loca¬ 
tion  of  the  pine  mills  to  the  fruit-growing  re¬ 
gions.  With  the  decreasing  pine  supply  and  the 
increasing  demand  for  boxes,  pine  is  being  sup¬ 
planted  by  its  intermingled  neighbors,  western 
larch,  white  fir,  Douglas  fir  and  lodgepole  pine. 
In  the  past  these  species  were  considered  un¬ 
suitable  for  box  material,  due  to  certain  nat¬ 
ural  characteristics  of  the  wood,  but  treatment 
is  overcoming  these  objections.  Also,  edge¬ 
gluing  is  making  possible  the  use  of  material 
formerly  considered  too  small. 

Minor  Species 

The  improvements  in  utilization  so  far  cited 
cover  the  use  of  the  major  species  of  the  re¬ 
gion,  but  what  of  the  minor  species  such  as 
lodgepole  pine  and  the  hardwoods,  red  alder, 
maple  and  Oregon  oak?  Due  to  the  growing 
scarcity  of  cedar  poles  plus  the  active  market 
for  transmission  poles,  lodgepole  pine,  when 
treated  with  preservatives,  is  coming  into  its 
own.  For  many  years  there  has  been  a  demand 
for  the  better  grades  of  red  alder  and  maple 
for  the  furniture  trade,  but  practically  no  de¬ 
mand  for  the  lower-than-shop  grades  which 
comprise  some  50  percent  of  the  log.  Studies 
being  made  indicate  that  this  lower  grade  mate¬ 
rial  is  suitable  for  pulp. 

Wood  Preserving 

Forward  strides  to  better  utilization  of  low- 
value  timber  have  been  made  through  the  work¬ 
ing  out  of  processes  for  treating  these  woods 
with  preservatives.  In  the  Inland  Empire  where 
western  larch  has  been  a  problem  child,  the 
future  looks  brighter  since  the  American  Wood 
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Preservers  Association  has  prepared  specifica¬ 
tions  for  treating  western  larch  ties,  lumber  and 
poles.  They  are  also  studying  the  treating  of 
this  species  for  piling. 

Research 

One  of  the  most  encouraging  developments 
in  securing  greater  utilization  in  the  woods  and 
mills  is  the  increasing  interest  in  research.  To¬ 
day  many  of  the  progressive  companies  have 
well  equipped  and  fully  staffed  laboratories 
working  on  problems  of  their  own  operations. 
Much  of  the  progress  I  have  reported  came  out 
of  the  work  of  these  laboratories  and  those  of 
the  public  agencies  and  trade  associations. 

The  people  of  Oregon  and  Washington  are 
recognizing  the  part  research  must  play  in  the 
future  of  their  region.  In  Oregon  a  severance 
tax  of  5  cents  per  thousand  feet  of  all  timber 
cut,  makes  up  a  fund  of  which  60  percent  goes 
to  forest  products  research  and  40  percent 
towards  forest  management  research  and  plant¬ 
ing.  This  research  program  is  administered  by 
an  advisory  committee  on  which  industry  sits; 
and  the  laboratory  work  is  carried  on  at  the 
Forest  Products  Laboratory  of  the  Oregon  State 
Gillege  with  a  staff  of  eight  full-time  special¬ 
ists.  Through  this  program,  three  sections  are 
now  functioning:  industrial  service,  chemical 
utilization,  and  wood  technology. 

In  the  State  of  Washington  the  1947  legis¬ 
lature  established  the  Washington  State  Forest 
Products  Institute,  with  sufficient  funds  to  sur¬ 
vey  the  needs  for  forest  research,  and  to  make 
a  report  to  the  1949  legislature.  The  advisory 
committee  (the  members  of  which  are  closely 
associated  with  the  studies  involved)  have  been 
studying  four  problems:  (1)  the  need  for  a 
statewide  survey  of  logging  and  manufacturing 
waste;  (2)  a  clearinghouse  for  information  on 
methods,  equipment  and  costs  of  salvage  log¬ 
ging,  relogging  and  second  growth  logging; 
(3)  market  studies  to  determine  the  potential 
markets  for  fiberboard  manufactured  from 
waste  in  various  forms;  (4)  basic  studies  re¬ 
lating  to  glue  line  strength  and  other  proper¬ 
ties  in  plywood  and  laminated  wood. 
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Improved  Utilization  in  the  Woods  and  Its 
Effect  on  Present  and  Future 
Forest  Management 

Developments  in  the  Douglas  fir  region  defi¬ 
nitely  show  that  closer  utilization  before,  dur¬ 
ing,  or  after  logging  greatly  reduces  the  slash 
hazard  by  lessening  the  inflammable  debris  on 
the  ground.  If  the  slash  is  light  due  to  the 
nature  of  the  stand,  no  slash  burning  may  be 
necessary.  If  the  slash  is  normally  heavy,  close 
utilization  will  reduce  the  slash  to  a  degree 
where  its  disposal  by  burning  is  not  a  serious 
problem  and  does  less  damage  to  the  soil. 

Douglas  fir  reproduces  in  dense  stands;  and 
early  thinnings  in  the  stand,  followed  by  sub¬ 
sequent  thinnings  will  salvage  material  that 
normally  would  be  choked  out.  At  the  same 
time  the  growth  of  the  remaining  stand  will  be 
improved  in  volume  and  quality.  Even  though 
these  thinnings  only  pay  their  way,  they  are 
justified  by  the  stand  improvement.  The  big 
problem  today  is  to  find  markets  for  the  thin¬ 
nings. 

In  areas  where  selective  logging  is  econom¬ 
ically  sound  in  more  mature  stands,  markets  for 
low  grade  trees  permit  the  weeding  out  of 
these  trees.  This  is  particularly  true  in  the  Pon- 
derosa  and  Inland  Empire  forests  where  white 
fir  and  other  low-grade  trees  compete  with  the 
more  desirable  species. 

Every  managing  forester  recognizes  the  need 
for  improving  the  forest,  and  looks  forward  to 
the  day  when  through  closer  utilization,  devel¬ 
oped  through  research,  he  can  remove  from  the 
forest  those  trees  that  do  not  pay  their  way. 

In  the  past  fifteen  years  the  Pacific  North¬ 
west  has  shown  greater  progress  in  the  utiliza¬ 
tion  of  its  vast  forests  than  in  the  fifty  years 
preceding.  With  an  alert  public  and  private 
interest  in  forest  products  research,  followed 
by  better  equipment  and  methods  in  the  woods 
and  mills,  this  progress  will  continue.  All  con¬ 
cerned  are  awakening  to  the  fact  that  this  is  the 
last  timber  frontier;  and  only  through  wise  and 
intensive  use  of  not  only  the  remaining  virgin 
stands  but  also  of  the  second  growth,  can  the 
prosperity  of  the  region  be  maintained. 
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Discussion 

Dr,  /,  A.  Hall  (Pacific  NW  Forest  Experi¬ 
ment  Station)  :  There  is  a  lot  of  thinning  going 
on  in  the  Northwest.  Much  of  it  is  experimen¬ 
tal,  but  it  is  leaving  a  good  thrifty  forest.  We 
are  moving  in  the  proper  direction.  There  is  a 
one-third  increase  in  forest  yield  because  of 
close  utilization. 

Mr.  Drake:  Commercial  thinnings  in  the 
Douglas  fir  region  are  taking  place  today  in 
areas  where  there  is  an  active  demand  for  pulp 
wood  or  smelter  poles,  such  as  in  the  areas 
around  Tacoma,  Longview,  Port  Townsend, 
and  Hoquiam.  In  these  areas  due  to  the  favor¬ 
able  markets  and  short  hauls,  such  thinnings 
are  possible. 

The  foresters  look  forward  to  the  time  when 
markets  will  develop  that  will  permit  thinnings 
in  other  areas.  It  has  been  found  that  the  net 
volume  of  thinnings  up  to  the  time  that  the 
crop  reaches  the  final  stage  may  be  equal  to  the 
volume  of  the  final  cut. 


Mr.  E.  Fritz  (University  of  California) :  In 
the  case  of  redwood,  the  quality  of  sprout- 
origin  trees  is  as  good  as  that  of  trees  originat¬ 
ing  from  seeds,  provided  the  stand  was  dense 
enough  to  cause  the  stems  to  clean  themselves 
of  limbs.  Since  sprouts  occur  in  clumps,  it  is 
important  that  the  forester  gets  copious  seed¬ 
ling  reproduction  so  that  the  gaps  are  filled  in 
and  a  dense  stand  is  attained. 

Air.  Drake:  I  found  in  Sweden  that  their 
problems  in  regard  to  possibilities  for  thinnings 
was  much  the  same  that  we  are  confronted  with 
in  the  Northwest.  If  the  timber  is  located  rea¬ 
sonably  close  to  the  mills  so  that  costs  are  with¬ 
in  reason,  thinnings  can  be  carried  on.  The 
farther  you  get  from  the  mills,  the  less  intense 
the  forestry  practices,  especially  with  regard  to 
thinnings.  The  trends  in  Sweden  to  create  mar¬ 
kets  for  small  material  through  the  develop¬ 
ment  of  pulp  and  fiber  mills  has  made  possible 
better  forestry  practices.  The  same  condition 
has  developed  in  the  Southeast  and  will  follow 
in  the  Northwest. 
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Relation  Between  Wood  and  Pulp  Properties 

W.  F.  Holzer 

Assistant  Director  of  Research,  Crown  Zellerhach  Corporation,  Camas,  W"«. 

The  fiber  properties  inherent  in  various  species,  the  effect  of  decay  on  pulp  quality,  and  the  characteristics 
of  the  pulps  obtainable  from  the  Northeast,  lake  States,  South,  and  Pacific  Northwest  are  described. 


Introduction 

HE  first  step  in  converting  wood  to  paper 
is  its  reduction  to  fiber,  either  by  chemical 
or  mechanical  means.  In  the  first  case  the 
lignin  of  the  wood  is  dissolved  to  liberate  the 
fibers,  and  in  the  process  much  of  the  less  re¬ 
sistant  carbohydrate  material  is  removed  as  well. 
In  the  second  case  the  wood  is  literally  torn  to 
pieces,  and  the  resulting  pulp  contains  all  of 
the  wood  except  the  water  soluble  portions.  No 
matter  which  process  is  used,  the  fact  remains 
that  pulping  is  subtractive.  We  cannot  make  a 
pulp  from  wood,  and  end  up  with  a  fiber  pos¬ 
sessing  some  property  not  stemming  from  the 
parent  material.  True,  we  may  control  the  prop¬ 
erties  of  the  fibers  within  limits  by  the  type  of 
treatment  we  use,  but  the  final  qualities  are 
always  inferior  to  the  potential  qualities  in  the 
original  wood.  From  this  the  importance  of  the 
wood  properties  becomes  obvious. 

Both  physical  and  chemical  properties  of  the 
fibers  in  wood  are  important.  In  the  first  group 
the  physical  dimensions  of  the  fiber,  length, 
breadth,  and  wall  thickness,  and  the  crystallin¬ 
ity  of  the  cellulose  have  significant  bearing  on 
pulp  properties.  The  type  and  amount  of  hemi- 
celluloses,  coloring  matters,  and  extraneous 
materials  in  the  chemical  makeup  of  the  fibers 
help  determine  the  papermaking  properties.  In 
addition  to  these  qualities  in  sound  wood,  we 
must  also  deal  with  their  modification  by  nat¬ 
ural  deterioration  of  the  wood. 

For  purposes  of  discussion  it  is  convenient  to 
trace  these  properties  as  inherent  to  species,  to 
growth  type,  and  to  wood  condition. 

Fiber  Properties  Inherent  in  Species 
Hardwoods  and  Softwoods 

The  large  difference  between  dimensions  of 
fibers  found  in  hardwoods  (deciduous)  and  in 
softwoods  (coniferous)  is  highly  characteristic. 


In  the  former  the  woody  fibers  are  typically  one 
millimeter  long,  and  10  to  25  microns  in  diam¬ 
eter  at  the  widest  point.  Tracheids  of  the  latter 
are  about  3.5  millimeters  in  length  with  a 
range  from  less  than  3  to  over  5  millimeters. 
Maximum  diameters  are  in  the  range  of  30  to 
50  microns. 

The  dimensions  of  the  softwood  fibers  are 
better  suited  to  the  manufacture  of  strong 
papers,  with  the  result  that  these  woods  have 
furnished  a  preponderant  percentage  of  the  raw 
material.  Due  to  their  small  dimensions,  hard¬ 
wood  fibers  are  deficient  by  comparison  in  prac¬ 
tically  every  strength  property.  This  does  not 
mean  that  hardwood  fibers  do  not  have  some 
important  papermaking  qualities.  Their  small 
size  promotes  a  uniform  formation,  increases 
bulk  which  improves  opacity,  and  gives  a 
smoother  textured  surface.  All  these  properties 
are  highly  desirable  in  paper  for  printing,  and 
strength  is  of  lesser  importance,  with  the  result 
that  there  has  been  a  small  but  steady  demand 
for  hardwood  pulps  in  paper  mills  making 
various  types  of  these  papers. 

In  recent  years  the  shortage  of  softwoods  in 
some  regions  has  forced  the  use  of  hardwoods 
for  papermaking  in  increasing  amounts.  The 
hardwood  pulps  for  printing  papers  have  been 
cooked  very  soft  by  the  soda  process  to  enhance 
qualities  of  formation  and  texture  at  the  ex¬ 
pense  of  strength.  This  type  of  cook  has 
masked  to  some  extent  the  characteristic  chem¬ 
ical  property  of  hardwoods,  that  is  the  high 
hemicellulose  content,  by  dissolving  a  large 
portion  of  this  less  resistant  carbohydrate  mate¬ 
rial.  It  is  known  that  hemicelluloses  and  par¬ 
ticularly  pentosans  tend  to  increase  rate  of  beat¬ 
ing,  bursting  and  tensile  strength,  and  trans¬ 
parency  of  paper. 

Now  that  it  is  desired  to  add  hardwood  pulps 
to  papers  in  which  strength  is  of  prime  impor¬ 
tance,  the  type  of  cooking  has  changed  radically. 
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Nornul  sulfite  and  kraft  cooks  have  improved 
strength  over  the  soft  soda  cook,  but  the 
strongest  hardwood  pulps  along  with  high 
yields  are  made  from  a  neutral  sulfite  semi¬ 
chemical  cook  followed  by  bleaching.  A  large 
portion  of  the  hemicelluloses  is  retained  in  the 
pulp  resulting  in  a  very  rapid  rate  of  beating, 
a  bursting  and  tensile  strength  approaching 
that  of  softwood  pulp,  and  increased  transpar¬ 
ency.  Tearing  resistance,  which  is  dependent  on 
Sber  length,  is  low. 

To  date,  this  type  of  cook  is  largely  confined 
o  hardwoods,  since  it  is  slow  in  its  lignin  re¬ 
moval,  and  hardwoods  contain  considerably  less 
lignin  than  softwoods.  Here  the  wood  proper¬ 
ties  have  a  bearing  on  the  selection  of  the  type 
of  cook  in  addition  to  the  type  of  pulp  obtained. 

Pulp  Characteristics  From  Various  Regions 

There  are  marked  variations  in  pulp  charac¬ 
teristics  by  regions.  It  is  recognized  that  these 
variations  are  due  primarily  to  species,  but  it 
is  interesting  to  speculate  on  whether  differ¬ 
ences  in  ’  the  climate  and  soil  types  determine 
the  species  to  which  certain  physical  and  chem¬ 
ical  characteristics  are  unique,  or,  whether  under 
similar  growing  conditions,  certain  of  these 
differences  would  tend  to  disappear. 

The  United  States  has  four  papermaking  re¬ 
gions  including  the  Northeastern  States,  the 
central  section  around  the  Great  Lakes,  the 
South,  and  the  Pacific  Northwest.  For  purposes 
of  discussion,  the  first  two  may  be  considered 
as  one  since  the  wood  species  and  their  prop¬ 
erties  tend  to  be  the  same. 

The  papers  from  wood  grown  in  the  North 
Central  and  Northeastern  States  tend  to  be 
well-formed,  *  to  have  good  burst  and  tensile 
strength,  but  only  fair  tearing  resistance,  and 
to  have  good  surface  smoothness.  Papers  from 
woods  grown  in  the  Pacific  Northwest  have  a 
less  uniform  formation,  slightly  less  burst  and 
tensile  strength,  but  an  excellent  tear  resistance, 
and  a  somewhat  rougher  finish  than  the  first 
group.  Papers  from  the  South  are  nearly  all 
kraft  because  the  pulpwood  is  almost  exclu¬ 
sively  pine,  but  by  comparison  to  similar  papers 
in  other  regions,  the  formation  again  is  some¬ 
what  non-uniform,  burst  and  tensile  strengths 
are  rather  low,  but  tear  resistance  is  nearly 
equal  to  the  western  woods.  Again  the  surface 
•^ends  to  be  a  little  rough. 


Fiber  properties  characteristic  of  the  woods 
from  the  various  regions  are  largely  responsible 
for  these  characteristic  variations  of  the  respec¬ 
tive  papers.  The  best  pulpwood  of  the  North 
is  black  spruce.  Its  fibers  are  medium  in  length, 
averaging  between  3  and  3.5  millimeters.  The 
wood  is  slow  grown  so  that  diameters  will  run 
from  25  to  35  microns.  These  dimensions  con¬ 
tribute  to  the  good  formation,  good  smooth¬ 
ness,  and  low  tearing  resistance.  The  good  for¬ 
mation  together  with  high  hemicelluloses,  which 
become  fiber  cementing  material  in  papermak¬ 
ing,  enhance  burst  and  tensile  strengths. 

Western  hemlock  is  the  prime  pulpwood  of 
the  Pacific  Northwest,  with  Douglas  fir  attain¬ 
ing  considerable  importance  in  the  last  ten 
years.  These  woods  and  especially  the  latter 
have  large  fibers  averaging  nearly  4  millimeters 
in  length  and  with  large  diameters  ranging 
from  35  to  45  microns  and  even  to  55  microns 
for  Douglas  fir.  These  dimensions  account  for 
the  less  uniform  formation  and  the  rougher 
surface,  and  are  responsible  for  the  exceptional 
tearing  resistance  of  papers  from  that  region. 
The  woods  and  therefore  the  pulps  arc  low  in 
hemicellulose.  This  characteristic  accounts  for 
the  slower  development  of  strength  as  com¬ 
pared  to  northern  and  eastern  pulps.  In  the  case 
of  Douglas  fir  this  tendency  is  further  enhanced 
by  the  very  thick-walled  summerwood  fibers 
which  detract  from  burst  and  finish,  but  make 
tearing  resistance  higher  than  that  of  any  other 
papers  made  from  wood  pulps. 

The  fibers  in  the  pines  from  the  South  are 
comparable  to  Douglas  fir  in  dimensions  and 
the  paper  characteristics  are  quite  similar. 

In  color,  the  North  and  Northeast  regions 
have  the  whitest  woods  and  have  the  brightest 
pulps.  The  woods  from  the  Pacific  Northwest 
have  a  reddish  cast,  and  the  pines  in  the  South 
are  definitely  yellowish. 

Pulp  Characteristics  From  Wood  of 
Various  Growth  Rates 

Data  of  Chidester  and  McGovern^  have 
shown  that  faster  growth  wood  will  tend  to 
have  a  slightly  higher  burst  but  considerably 
lower  tearing  resistance.  They  also  pointed  out 
the  increase  in  percentage  of  springwood  with 

*  Chidester,  G.  H.,  and  McGovern,  J.  N.  Paper 
Trade  J.  106,  No.  23:  37-39  (June  9.  1938)  ;  107, 
No.  13:  24-29  (Sept.  29,  1938). 
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rate  of  growth.  This  is  particularly  true  of 
younger  trees. 

Springwood  fibers  as  compared  to  summer- 
wood  have  larger  diameters  with  thinner  walls. 
Such  fibers  will  flatten  in  the  papermaking 
process,  and  make  excellent  fiber-fiber  contacts 
and  bonds  that  produce  high  burst  and  tensile 
strengths.  Also  these  thin-walled  fibers  are 
not  resistant  to  the  cutting  and  bruising  of 
beating  and  jordanning,  and  break  up  more 
than  summerwood  fibers,  causing  low  tearing 
resistance. 

Douglas  fir  is  unique  in  the  difference  be¬ 
tween  its  springwood  and  summerwood  fibers. 
The  differences  in  the  pulp  properties  of  these 
fibers  were  brought  out  in  a  study  reported  by 
Holzer  and  Lewis.^  Springwood  and  summer- 
wood  were  separated  by  hand  and  the  two  por¬ 
tions  cooked  separately.  The  springwood  fibers, 
even  unbeaten,  formed  into  a  smooth,  hard 
sheet  with  high  burst  and  low  tear.  As  beating 
progressed,  the  burst  rose  rapidly  and  tear 
dropped  to  very  low  levels.  The  fibers  were 
drastically  cut  in  the  process.  Summerwood 
fibers,  on  the  other  hand,  gave  a  very  bulky, 
woolly  sheet  that  had  a  very  low  burst,  but  an 
unusually  high  tear.  These  fibers  were  extremely 
resistant  to  beating  with  almost  no  evidence  of 
cutting  at  the  end.  The  physical  tests  showed 
correspondingly  small  change  in  strength  in  the 
process. 

The  walls  of  Douglas  fir  summerwood  fibers 
are  unusually  thick,  but  their  most  unique  prop¬ 
erty  is  the  crystallinity  of  the  cellulose  itself.** 
This  cellulose  probably  has  the  most  highly 
oriented  molecular  structure  found  in  wood, 
and  aside  from  the  thickness,  or  in  addition  to 
it,  would  be  expected  to  be  stiff,  and  difficult 
to  form  into  a  compact  sheet. 

Properties  Inherent  in  the  Condition 
of  the  Wood 

Since  papermaking  depends  on  the  individual 
wood  fiber,  it  can  utilize  to  good  advantage 
logs  that  contain  physical  defects  that  make 
them  unsuitable  to  other  industries.  Such  de¬ 
fects  as  splits  and  breaks,  roughness  due  to 
knots,  crooked  logs  and  the  like,  have  little 

*  Holzer,  W.  F.,  and  Lewis,  H.  F.  Tappi  33,  No. 
2:  110-112  (Feb.  1950). 

‘Clark,  G.  L.  Tappi  33,  No.  2:  108-110  (Feb. 
1950). 


effect  on  fiber  quality  and  need  no  further  dis¬ 
cussion.  Overmature  wood  or  salvaged  wood 
which  contain  decay  do  have  an  effect  on  fiber 
quality.  Along  with  the  consumption  of  the 
woody  material,  the  process  of  decay  for  our 
consideration  involves  the  production  of  stain, 
and  of  organic  acids  that  can  act  on  wood  at 
low  temperatures  but  over  long  periods.  The 
effects  on  the  pulp  are: 

1.  The  color  of  the  pulp  is  noticeably  darker. 
This  can  be  seen  from  wood  where  the 
deterioration  is  still  in  the  early  stages. 

2.  The  acid  of  the  products  of  decay  acting 
over  long  periods  makes  the  lignin  more 
difficult  to  dissolve,  probably  through 
polymerization  to  larger,  more  inert 
molecules. 

3.  The  cellulose  is  found  to  be  degraded 
from  acid  and  enzyme  action,  and  in  case 
of  advanced  decay  very  brittle  and  weak. 

The  correlation  between  degree  of  decay  and 
effect  on  pulp  quality  is  in  the  order  named. 
The  deterioration  of  pulp  color  is  noticed  along 
with  incipient  decay  and  persists  through  all 
degrees.  The  decrease  in  rate  of  cooking  of 
wood  is  first  detected  when  decay  approaches 
an  intermediate  stage.  The  loss  in  strength  of 
pulp  may  be  detected  earlier  but  does  not  be¬ 
come  serious  until  decay  becomes  advanced, 
appreciable  portions  of  the  wood  have  been 
consumed,  and  the  wood  has  lost  considerable 
strength.  Then,  too,  as  the  wood  loses  density, 
it  becomes  obvious  that  less  can  be  charged 
into  a  digester  of  given  volume,  and  the  pro¬ 
duction  per  cook  suffers  proportionately. 

In  observing  the  effect  of  decay  on  pulp 
quality,  results  are  sometimes  confusing.  That 
is,  one  lot  of  badly  decayed  wood  may  make 
fairly  good  and  even  almost  normal  pulp,  while 
the  next,  showing  much  less  decay,  may  yield  a 
definitely  inferior  pulp.  The  explanation  usually 
lies  in  the  type  of  decay. 

There  are  two  main  types  of  decay  organisms, 
those  classed  as  lignin-destroying  rots,  such  as 
fames  pint,  and  those  classed  as  cellulose- 
destroying  rots,  such  as  Lenzites  saepiaria.  By  , 
the  time  the  wood  is  consumed,  both  types  have 
been  active  but  usually  one  or  the  other  will 
predominate  in  attack  until  decay  is  well  ad¬ 
vanced.  Which  type  will  start  first  may  depend 
on  species  or  on  local  physical  conditions,  but  a 
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discussion  of  these  factors  is  beyond  the  scope 
of  this  paper. 

A  lignin-destroying  rot  tends  to  leave  the 
fibrous  structure  of  the  wood  intact.  The  decayed 
wood  being  fibrous  retains  some  of  the  tough¬ 
ness  of  the  original  wood,  and  "stands  up” 
under  the  mechanical  process  of  converting  the 
log  into  chips.  In  so  doing,  it  stays  in  the  chips 
entering  the  digester,  and  the  pulp  is  affected 
in  proportion  to  the  amount  and  degree  of  de¬ 
cay  in  the  ways  already  described. 

When  wood  is  attacked  by  a  cellulose- 
destroying  rot,  the  fibrous  structure  is  broken 
down,  and  a  soft,  crumbly  material  results.  If 
the  decay  is  well  advanced,  the  affected  portions 
tend  to  skiff  off  during  the  wood  and  chip 


Discussion 

Mr.  /.  C.  Robinson  (Everett  Pulp  &  Paper 
Co.):  Can  you  make  white  paper  from  alder? 

Mr.  Holzer:  Yes. 

Col.  Greeley  (West  Coast  Lumbermen’s 
Association) :  Why  isn’t  there  a  larger  market 
for  alder  pulpwood? 

Mr.  Holzer:  Use  of  alder  for  pulp  is  a  recent 
development. 

Prof.  E.  Fritz  (University  of  California) : 
What  is  the  effect  of  tannin  in  oak? 

Mr.  Holzer:  There  is  a  corrosive  effect  on 
digesters,  which  is  thought  to  be  caused  by  the 
tannins  in  oak.  It  is 'difficult  to  bleach  oak  pulp. 

Mr.  Eugene  Tower  (Forest  Fiber  Products 
Co.) :  Do  you  have  any  quantitative  informa¬ 
tion  as  to  the  effect  of  amount  of  decay  on 
strength  properties  in  the  finished  products? 

Mr.  Holzer:  Incipient  decay  has  no  effect  on 
strength  but  does  affect  color.  Moderate  decay 
may  effect  the  way  pulp  stands  up  on  the  paper 
machine.  Pulp  from  wood  with  advanced  decay 
develops  strength  rapidly  in  processing  but 
breaks  sooner  in  test. 

Mr.  Everett  Reichman  (Simpson  Logging 
Company) :  What  has  been  your  experience  in 
use  of  second-growth  fir  as  a  pulpwood,  and 
how  does  the  quality  of  the  pulp  from  second 
growth  compare  with  that  from  old  growth  fir? 

Mr.  Holzer:  Second-growth  is  superior. 

Mr.  Reichman:  What  about  difference  be¬ 
tween  springwood  and  summerwood? 

Mr.  Holzer:  Up  to  40  year  age  growth  rings 
are  wide.  The  resulting  paper  has  good  burst 
and  good  tear — better  than  hemlock. 


preparation,  and  only  the  sounder  portions  enter 
the  digester.  For  this  reason  pulp  quality  usu¬ 
ally  suffers  less  from  a  cellulose-destroying  rot, 
especially  one  that  tends  to  localize  its  action. 

In  all  forest  products  industries  the  manu¬ 
facturer  must  utilize  the  wood  as  he  finds  it. 
In  many  cases  only  the  physical  properties  are 
significant.  In  pulp  and  paper  manufacture  the 
chemical  nature  of  the  wood  also  must  be  con¬ 
sidered,  and,  since  the  process  can  tolerate  an 
appreciable  amount  of  decay,  the  effects  of  this 
defect  are  felt  as  well.  After  all,  it  may  be  best 
that,  as  the  poet  says,  "Only  God  can  make  a 
tree”,  since  none  of  us  would  care  to  accept  the 
responsibility  for  the  variations  we  find  in  the 
quality  of  our  raw  material. 

Mr.  Joseph  C.  Robinson  (Everett  Pulp  and 
paper  Co.)  :  Have  you  experimented  with  cedar? 

Air.  Holzer:  Yes,  we  have  used  it  in  kraft 
pulp.  The  wood  is  of  low  density.  It  is  costly 
to  pulp,  since  the  light  weight  wood  reduces 
digester  capacity  and  the  cedar  extractives  are 
corrosive  to  pulping  equipment. 

Mr.  K.  G.  Chesley  (Crossett  Lumber  Com¬ 
pany)  :  What  effect  does  storage  of  pulpwood 
have  on  pulp  yield?  It  is  a  major  problem  in 
the  South.  Is  decay  of  stored  pulpwood  a  seri¬ 
ous  problem  in  the  Northwest? 

Mr.  Holzer:  In  the  Northwest  most  of  the 
wood  is  stored  in  water,  therefore  decay  is  not 
a  serious  problem.  Trouble  occurs  only  when 
storage  is  for  an  unusually  long  time.  Effects  of 
decayed  wood  on  pulp  yield  are  contradictory. 
It  depends  on  the  type  of  decay.  Lignin-destroy¬ 
ing  decay  leaves  a  fibrous  residue  that  persists 
in  chips  into  the  digester  and  seriously  affects 
pulp  quality.  Cellulose-destroying  decay  leaves 
a  crumbly  residue  that  sloughs  off  and  does  not 
enter  the  digester.  Pulp  quality  is  fairly  good 
but  there  is  a  loss  in  yield  due  to  sloughing  of 
decayed  wood.  In  any  event,  decay  reduces 
wood  density  and  lowers  production  propor¬ 
tionately. 

Mr.  Chesley:  What  about  lodgepole  pine? 

Mr.  Holzer:  It  is  used  in  the  kraft  process 
and  is  a  good  pulpwood,  giving  a  high  yield. 
Pulp  produced  has  a  low  tear,  high  burst  and 
light  color.  The  geographical  location  of  lodge- 
pole  pine  is  poor. 

Mr.  J.  C.  Robinson:  Do  you  use  Cotton¬ 
wood?  Mr.  Holzer:  We  use  all  we  can  get. 
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Power  vs.  Hand  Falling  and  Bucking  in  Logging 
Operations  of  the  West 

E.  P.  Stamm 

Logging  Manager,  Crown  Zellerbach  Corporation,  Portland,  Ore. 

The  step!  in  the  development  of  power  logging  are  described  and  advantages  of  current  methods  cited. 


Introduction 

NE  of  the  most  recent  and  outstanding 
developments  in  logging  operations  of 
the  West  is  the  use  of  power  saws  for 
falling  and  bucking.  Within  a  short  span  of  13 
years  power  saws  have  been  so  improved  in  de¬ 
sign,  weight,  and  efficiency  that  their  use  is 
rapidly  replacing  hand  falling  and  bucking. 
This  rapid  change  from  hand  to  power  falling 
and  bucking  has  come  about  because  of  several 
reasons. 

During  the  past  several  years  there  has  been 
a  steadily  diminishing  supply  of  timber  fallers. 
The  logging  industry  in  the  past  has  had  to 
depend  considerably  on  Europeans,  particularly 
Swedes  and  Finns  for  hand  falling  and  bucking 
with  a  cross-cut  saw.  As  old  experienced  fallers 
and  buckers  have  been  dropping  out  of  the 
industry  or  have  taken  less  arduous  jobs,  young 
men  in  this  present  mechanical  age  have  been 
unwilling  to  undergo  the  hard  manual  labor  of 
hand  falling. 

Logging  chances  have  steadily  become  more 
difficult  as  operations  have  moved  back  into  the 
hills  on  to  more  difficult  topography  and  into 
smaller  timber  with  the  result  that  the  amount 
of  timber  a  man  can  fall  and  buck  manually 
per  man-day  has  been  steadily  decreasing. 

As  a  result  of  the  scarcity  of  hand  fallers 
and  lower  man-day  production  in  falling  tim¬ 
ber,  the  logging  industry  has  made  a  real  effort 
to  attract  young  men  into  the  falling  and  buck¬ 
ing  jobs  by  the  introduction  and  use  of  power 
saws  in  the  woods. 

Early  Methods 

Although  power  saws  have  been  undergoing 
trial  for  the  past  thirty  years,  the  real  progress 
has  come  within  the  last  1 5  years.  Some  of  the 
early  developments  of  power  saw  ideas  as  re¬ 


lated  by  J.  A.  Addison^  indicate  the  diversity 
of  opinion  as  to  how  to  fell  trees  mechanically. 
For  example,  a  wire  rope  tree  feller,  which  cut 
through  the  tree  by  heat  of  friction  as  it  was 
drawn  rapidly  past  the  wood,  was  tried  out. 
A  rope  saw  was  developed  of  fine  two-way 
cutting  steel  rope.  It  was  attached  to  a  cable 
from  a  double  drum  and  the  rope  was  run 
rapidly  back  and  forth  from  one  drum  to 
another,  cutting  the  tree  in  passing.  A  red  hot 
electrically  charged  wire  was  tried  out  to  fell 
trees  by  burning  through  the  wood.  A  device 
consisting  of  a  series  of  augers  which  cut  into 
the  tree  below  ground  level,  thus  eliminating 
the  obstacle  of  stumps,  was  at  least  discussed 
but  not  developed.  A  power  feller  was  devel¬ 
oped,  using  a  long  roller  equipped  with  cutting 
teeth  mounted  on  the  end  of  a  driven  shaft. 
It  could  swing  in  a  horizontal  arc  and  could  cut 
its  way  through  a  tree.  Many  types  of  hand 
saws  for  timber  felling  were  invented.  The  Rus¬ 
sians  designed  an  electric  circular  saw  for  this 
purpose.  The  French  manufactured  a  circular 
saw  for  timber  felling  which  was  mounted  on 
the  front  of  a  carriage.  The  saw  was  electrically 
powered  but  the  carriage  had  to  be  moved  by 
hand  from  place  to  place.  A  steam  driven  drag 
saw  for  felling  and  bucking  was  manufactured 
by  the  English.  The  boiler  was  mounted  on 
wheels  and  was  drawn  by  horses  while  the  saw 
portion  was  carried  by  hand.  The  tree  feller 
alone  weighed  600  lbs.  without  including  the 
boiler  or  the  bucking  outfit.  None  of  these  de¬ 
vices  was  even  remotely  practical  for  use  in  the 
West,  and  particularly  the  rough  terrain  of  the 
Douglas-fir  region.  However,  between  1930 
and  1935  several  types  of  portable  chain  saws 
powered  by  high-speed  2 -cycle  gas  motors  were 

'"Latest  Development  in  Logging  Industry  Solves 
Falling  and  Bucking  Problems",  by  J.  A.  Addison. 
Bloedel,  Stewart  &  Welch  Ltd.,  Port  Albemi,  B.  C. 
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tried  out  in  England,  Germany,  Russia,  and  the 
United  States,  and,  although  they  were  appar¬ 
ently  a  failure  due  to  light  construction  and 
motor  failures,  on  test  they  did  show  some 
promise  of  better  times  to  come,  and  by  the 
year  1936,  out  of  the  welter  of  types  and  de¬ 
signs  and  trials  of  portable  machines  taking 
the  place  of  the  little  man’s  muscle  for  cutting 
the  big  tree,  emerged  two  definite  types  of 
machines  which  alone  showed  signs  of  promise 
and  development  into  practical  power  saws 
These  were  the  drag  saw  and  the  chain  saw. 

The  drag^saw  is  successfully  used  in  the 
Gilifornia  Redwoods  where  large  size  of  the 
trees  justifies  the  construction  of  a  platform  to 
set  the  heavy,  cumbersome  drag  saw.  In  other 
regions  of  the  West  where  a  falling  crew  often 
cuts  50  to  75  trees  per  day — a  tree  every  ten 
minutes — a  chain  saw  light  enough  to  carry 
from  tree  to  tree  and  to  operate  from  the 
ground  is  the  only  practical  method  of  power 
falling.  The  first  two  power-driven  chain  saws 
on  the  market  in  North  America  were  the 
Wolf  saw,  a  very  light-weight  machine  driven 
by  either  compressed  air,  electricity  or  gasoline 
motor,  first  developed  during  World  War  I; 
and  the  Dow  saw,  a  heavy,  cumbersome  ma¬ 
chine  originally  mounted  on  two  rubber  tire 
wheels.  This  latter  saw  did  show  promise  of 
being  reduced  in  size  and  weight  for  easy  han¬ 
dling  in  the  forests  of  the  West  and  particu¬ 
larly  the  Douglas-fir  region. 

Current  Methods 

Now,  in  the  course  of  15  years,  there  are 
more  than  one  dozen  power  saw  manufacturers 
producing  chain  saws  for  the  logging  industr)’ 
of  the  West.'  These  chain  power  saws  come  in 
all  sizes  with  blades  and  chain  varying  from  18 
inches  to  9  feet  in  length,  and  weighing  from 
25  to  135  pounds.  Power  saws  are  driven  by 
either  electric  or  gasoline  motors  with  horse¬ 
power  output  ranging  from  3  to  12  H-P.  A 
recent  achievement  by  the  chain  saw  manufac¬ 
turers  is  the  development  of  one-man  chain 
saws  less  than  40  pounds  in  weight  and  useful 
for  falling  and  bucking  and  limbing,  particu¬ 
larly  in  small  sized  timber. 

Along  with  the  phenomenal  reduction  in 
weight  of  power  saws  of  all  sizes  has  come 
greater  speed  in  cutting  and  greater  dependa¬ 
bility  and  sturdiness  of  operation. 


As  a  result  of  the  fine  saws  available  to  the 
logging  industry  today,  power  falling  and  buck¬ 
ing  is  gradually  replacing  hand  falling  and 
bucking.  The  advantages  can  be  summed  up 
as  follows: 

1.  Power  saws  have  overcome  the  critical 
scarcity  of  hand  fallers  and  buckets  in  the 
West  by  attracting  young  men  mechanically  in¬ 
clined  into  this  important  phase  of  logging. 

2.  Power  saw  falling  and  bucking  is  safer 
than  hand  falling  and  bucking,  which  is  one 
of  the  most  hazardous  occupations  in  logging. 
Power  falling  results  in  better  undercuts  and 
faster  back  cutting,  less  wedging  and  less  use 
of  the  axe  and  springboard.  Safety  in  use  of 
power  saws  follows  the  old  axiom  "that  a  job 
done  mechanically  is  safer  than  when  done  by 
hand.” 

3.  Power  falling  and  bucking  is  easier  work 
for  the  individual. 

4.  Power  falling  results  in  increased  man-day 
production  and  a  direct  saving  in  labor.  This 
saving  in  labor,  however,  is  offset  in  part  by 
higher  earnings,  material,  and  maintenance 
costs. 

5.  The  volume  of  felled  and  bucked  timber 
kept  in  inventory  ahead  of  yarding  operations 
can  be  somewhat  reduced  in  power  saw  opera¬ 
tions,  thus  reducing  the  exposure  of  logs  to 
fire,  decay,  stain,  and  insect  damage. 

6.  Breakage  is  no  greater  in  power  falling 
than  in  hand  falling.  Experience  is  proving 
that  power  falling  may  result  in  less  breakage 
because  of  lower  stumps  and  of  larger  under¬ 
cuts  resulting  in  better  control  of  the  trees. 
Lower  stvimps  cause  less  breakage  in  the  skid¬ 
ding  or  yarding  operations. 

7.  Greater  yield  of  wood  per  acre  is  real¬ 
ized  by  the  lower  stumps  in  power  falling.  In 
small  timber,  for  example,  with  100  feet  of 
merchantable  length,  a  saving  of  1  foot  in 
stump  height  will  result  in  an  increased  yield 
of  almost  3  percent.- 

8.  Increased  production  is  realized  from 
faster  skidding  and  yarding  as  a  result  of  fewer 
hang-ups  in  logging  settings  where  stumps  are 
cut  low  by  power  falling.  Greater  maneuver¬ 
ability  of  tractors  and  arches  in  the  skidding 
operation  is  possible  with  low  stumps. 

9.  In  remote  locations  or  at  times  of  scarcity 
of  labor  supply  the  ability  to  produce  a  given 
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amount  with  a  smaller  crew  with  a  power  saw 
is  an  important  advantage  over  hand  falling. 

10.  Power  saws  make  it  possible  to  fall  snags 
more  cheaply  and  safely  in  fire  hazard  reduction 
measures.  Cheaper  and  safer  falling  of  insect 
and  disease-ridden  trees  is  also  possible  in  con¬ 
trol  operations  in  infested  stands. 

Falling  and  bucking  in  a  clear-cutting  opera¬ 
tion  in  the  rugged  topography  of  the  Douglas- 


fir  region  amounts  to  about  20  percent  of  the 
total  direct  cost  of  logging.  On  smooth  terrain 
in  which  selective  logging  of  old-growth  or 
thinnings  of  second-growth  can  be  done,  falling 
and  bucking  costs  will  play  a  major  role  in 
making  partial  cutting  of  stands  economically 
possible.  Power  falling  and  bucking  with  all 
its  advantages  is  making  a  major  contribution 
in  furthering  intensive  management  of  forests 
in  the  West. 


Discussion 

Mr.  /.  Alfred  Hall  (Pacific  Northwest  Forest 
Experiment  Station)  :  Does  power  falling  equal 
hand  falling  in  accuracy? 

Mr.  Stamm:  Power  falling  results  in  better 
control,  faster  operation,  and  lessens  damage 
to  stand. 

Mr.  I.  V.  Anderson  (Forest  Utilization  Serv¬ 
ice)  :  By  using  a  measure  of  work  done,  are 
jx>wer  saws  applicable  to  the  South? 

Afr.  Stamm:  Yes,  with  proper  lightweight 
saws  they  will  revolutionize  operations  in  small 
timber. 

Mr.  R.  C.  Fraunberger  (Philco  Corp.) ;  Can 
you  give  a  cost  comparison  between  hand  and 
power  saws  on  your  jobs  on  a  per  thousand 
basis,  including  all  costs — depreciation,  main¬ 
tenance,  taxes,  higher  wages,  etc.? 

Mr.  Stamm:  Power  sawing  is  two  to  three 
times  more  productive.  With  better  training  of 
operators,  costs  will  come  down. 

Afr.  Fraunberger:  What  is  the  spread  of 
labor  costs? 

Air.  Stamm:  The  day  hand  rate  in  the  area 
is  approximately  $1.80  per  hour.  Piece  workers 
average  approximately  $2.20  to  $2.40  per  hour 
and  in  a  few  rare  cases  at  some  places  as  much 
as  $5.00  per  hour. 

Col.  Greeley  (West  Coast  Lumbermen’s 
Association) :  What  has  been  your  experience 
with  human  safety? 

Afr.  Stamm:  There  are  fewer  accidents  per 
thousand  man-hours. 

Afr.  Walter  J.  Ryan  (Weyerhaeuser  Timber 
Company) :  Have  you  used  any  circular  power 
saws?  These  have  been  introduced  into  New 


2^aland  and  are  proving  successful  for  both 
felling  and  bucking  in  their  planted  forests. 

Afr.  Stamm:  Crown-Zellerbach  has  tried 
some,  but  none  were  liked.  They  are  considered 
too  dangerous. 

Afr.  G.  L.  Drake  (Simpson  Logging  Com¬ 
pany)  :  They  have  been  tried  in  thinning.  They 
are  O.  K.  in  open  areas,  but  our  ground  is  too 
rough  in  the  West. 

Afr.  Corman  (Weyerhaeuser  Timber  Com¬ 
pany)  ;  How  high  are  the  stumps? 

Afr.  Stamm:  Two  inches  from  the  ground. 
Tractors  can  go  over  the  top  of  the  stumps 
without  any  trouble. 

Pro/.  £.  L.  Ellis  (University  of  Idaho) : 
What  is  done  in  your  operations  in  regard  to 
training  and  supervision  of  power-saw  felling 
crews  ?  The  necessity  of  such  action  was  pointed 
out  in  your  discussion,  but  the  question  arises 
as  to  how  this  might  apply  in  central  Idaho 
where  "bushel  ing”  by  gyppos  is  the  general 
rule  on  both  marked  and  unmarked  timber 
sales?  Particularly  on  unmarked  cutting  of  state 
and  private  lands  much  damage  is  often  done 
to  residual  trees  and  felled  trees  by  unsuper¬ 
vised  crews — more  than  is  usually  found  in 
hand-falling  crews.  Little  supervision  is  given, 
and  the  choice  of  trees  and  method  is  usually 
left  to  the  individual. 

Afr.  Stamm:  An  experienced  hand  faller  is 
placed  with  an  experienced  power-saw  faller 
and  given  the  necessary  training.  When  the 
trainee  becomes  proficient  he  goes  on  his  own 
as  a  head  power-saw  faller.  In  this  manner  ex¬ 
perienced  hand  fallers  are  given  the  necessary’ 
training.  All  of  our  falling  and  bucking  work 
is  closely  supervised  by  a  cutting  foreman, 
assisted  by  scalers. 
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Mr.  Edgar  Morath  (Food  and  Agriculture 
Organization) :  In  Austria  power  saws  have  a 
drawback  in  that  new  men  in  the  woods  do  not 
want  to  operate  them  at  first.  Results  have  been 
good  where  power  saws  were  in  use.  These 
saws  are  used  whenever  they  can  be  afforded. 

Mr.  L.  Mueller  (Forest  Utilization  Service) : 
Do  you  have  any  difficulty  with  power  saws 
causing  fires? 

Mr.  Stamm:  I  have  heard  of  no  fires  started 
by  power  saws.  A  chemical  extinguisher  is  sup¬ 
plied  with  each  saw. 

Prof.  E.  Fritz  (University  of  California) : 
Have  you  tried  any  ripping  with  power  saws  ? 
It  is  getting  to  be  common  in  the  sugar  pine 
and  redwood  regions. 

Mr.  Stamm:  Yes,  sled  runners  for  skids  and 
bridge  stringers  have  been  sawed. 


Prof.  Fritz:  Did  you  use  the  same  chain  for 
ripping  that  you  use  for  crosscutting? 

Mr.  Stamm:  Yes,  except  that  it  was  set 
obliquely.  Oversize  logs,  such  as  spruce,  are 
ripped  in  the  river  with  power  chain  saws.  It 
is  cheaper  to  rip  in  water.  It  saves  time  and 
labor  in  turning  the  log. 

Mr.  F.  H.  Kaufert  (School  of  Forestry,  Uni¬ 
versity  of  Minnesota) :  Do  you  feel  that  the 
use  of  power  saws  and  other  mechanized  equip¬ 
ment  will  stimulate  thinning  or  partial  cutting 
in  second  growth  stands? 

Mr.  Stamm:  I  definitely  feel  that  the  use  of 
small  one-man  power  saws  in  particular  will 
be  very  useful  in  thinning  second  growth 
stands.  There  is  no  problem  in  directing  fall  of 
trees  and  very  low  stumps  can  be  cut.  Thinning 
operations  at  best  are  very  expensive  and  we 
need  to  find  cheaper  operations. 
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Improved  Methods  of  Handling  Pulpwood 

W,  S.  Bromley 

Forest  Engineer,  American  Pulpwood  Association 


The  use  of  loading  docks,  winches,  trucks  and  conveyors  are  considered  in  loading  and  unloading  pulp¬ 
wood  by  the  piece.  The  Dixie  Logger  system  of  mimng  pulpwood  on  pallets  is  described.  Several  new  method 
of  handling  wood  in  bundles  are  outlined.  The  movement  of  pulpwood  in  the  form  of  chips  is  briefly  dis¬ 
cussed.  llie  need  for  more  time  and  cost  studies  to  weigh  these  various  methods  is  stressra  in  concluding 
this  paper. 


Introduction 

HE  subject  of  handling  pulpwood  is  re¬ 
garded  by  pulpwood  production  men  east 
of  the  Rocky  Mountains  as  the  most  im¬ 
portant  activity  in  their  field.  This  is  the  con¬ 
clusion  reached  as  the  result  of  a  questionnaire 
sent  to  the  members  of  the  four  Technical  Com¬ 
mittees  of  the  American  Pulpwood  Association 
to  learn  which  of  more  than  20  phases  of  pulp¬ 
wood  production  were  most  important.  These 
representatives  of  pulpwood  companies  in  the 
regions  of  the  Appalachian  Mountains,  the 
Lake  States,  the  Northeast,  and  the  South,  from 
Virginia  to  Texas,  each  had  an  entirely  different 
order  of  priority  of  interest  for  their  own 
region,  with  one  exception.  The  men  from  each 
region  were  agreed  that  in  their  region  and  in 
all  four  regions  combined  the  handling,  in 
other  words  the  loading  and  unloading,  of  pulp¬ 
wood  was  the  most  important  subject  in  the 
equipment  handbook  of  the  Association.  In  this 
handbook  are  posted  the  two  to  four  releases 
issued  each  month  on  the  latest  developments 
in  the  mechanization  of  our  industry.  It  is  evi¬ 
dent,  therefore,  that  this  paper  on  "Improved 
Methods  of  Handling  Pulpwood”  deals  with  a 
subject  which  is  vital  to  the  pulpwood  industry 
of  this  country. 

The  job  of  getting  pulpwood  from  the 
ground  onto  a  dray,  sled,  truck  or  railroad  car 
is  essentially  the  same  regardless  of  the  hauling 
device  being  used  for  transportation  of  the 
wood.  The  methods  followed  and  types  of 
power  used  to  get  this  job  done  vary  consider¬ 
ably,  but  it  is  easier  to  consider  improved  meth¬ 
ods  in  terms  of  whether  pulpwood  is  being 
loaded  by  the  piece,  on  pallets,  in  bundles  or 
as  chips. 


By  the  Piece 

In  spite  of  the  great  progress  made  in  mech¬ 
anizing  pulpwood  production  in  the  past  ten 
years,  the  major  portion  of  pulpwood  is  loaded 
by  hand,  piece  by  piece,  in  this  country.  That 
is  why  most  of  the  pulpwood  handled  east  of 
the  Rockies  is  in  lengths  of  48  to  100  inches, 
with  weights  per  stick  of  pulpwood  such  that 
one  or  two  men  can  handle.  Hand  loading  of 
pulpwood  is  undoubtedly  the  most  inefficient 
and  expensive  means  to  use.  It  is  not  surpris¬ 
ing  that  many  ideas  have  developed  to  improve 
on  this  elementary  approach. 

The  simplest  device  known  to  make  piece 
loading  by  hand  easier  on  men  and  more  effi¬ 
cient  is  the  loading  dock  or  ramp.  These  docks 
are  usually  one  or  two  railroad  car  lengths  long, 
4  to  6  feet  high,  and  wide  enough  to  permit  a 
logging  truck  to  drive  onto  the  dock  with  the 
aid  of  a  ramp  approach  as  in  Fig.  1.  Loading 
docks  are  found  most  frequently  in  the  Lake 
States  where  pulpwood  is  primarily  100  inches 
in  length,  and  for  this  reason,  has  a  heavier 
weight  per  stick  than  4  or  5  foot  lengths.  More 
consuming  companies,  large  producers  and  rail¬ 
road  companies  should  be  urged  to  build  such 
docks  as  they  save  as  much  as  480,000  foot 
pounds  of  manpower  energy  for  every  carload 
of  pulpwood  loaded  from  them.  This  should 
ultimately  result  in  a  savings  of  from  $2.00  to 
$5.00  per  car. 

There  are  other  simple  methods  of  improv¬ 
ing  the  technique  of  hand  loading  of  pulpwood 
such  as  the  use  of  hand  hooks  or  grabs  as  used 
in  the  Northeast.  The  adoption  of  these  aids 
are  more  a  problem  of  training  and  human  rela¬ 
tions  than  that  of  mechanization  or  improved 
methods. 
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The  simplest  mechanized  approach  to  load¬ 
ing  pulpwood  by  the  piece  is  found  in  the  use 
of  a  cable  on  a  winch  mounted  in  the  rear  of 
truck  cabs  to  pull  heavy  pieces  or  bundles  of 
pulpwood  onto  the  truck  bed  from  the  rear.  A 
modification  of  this  method  developed  by  the 
West  Virginia  Pulp  and  Paper  Company  is 
shown  in  Fig.  2.  It  shows  how  the  winch  and 
cable  are  used  to  provide  for  loading  trucks 


from  the  side  of  the  truck  bed  instead  of  from 
the  rear. 

A  refinement  of  truck  powered  winches  can 
be  noted  in  Fig.  3.  It  shows  an  "A”  frame 
mounted  at  the  rear  of  the  truck  with  a  swing¬ 
ing  boom  which  supports  the  end  block  through 
which  the  cable  runs.  With  this  winch  powered 
cable  it  is  possible  to  lift  large  pieces  or  bundles 
of  pulpwood  clear  from  the  ground  beside  the 
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Fig.  7. — High-boom  arch  handling  loaded  sling.  Fig.  8. — Loading  frame  to  make  up  loads  for  shipping. 
Fig.  9. — Wood  being  chipped  prior  to  hauling  to  mill.  Fig.  10. — Special  trailer  unit  for  hauling  chips. 


truck.  Then  the  force  of  gravity,  by  adjust¬ 
ments  in  the  chain  supporting  the  boom,  is  used 
to  swing  the  boom  so  that  its  load  will  center 
over  the  truck. 

Some  progress  is  being  made  in  using  pow¬ 
ered  conveyors  to  load  trucks  and  railroad  cars 
by  the  piece.  They  consist  of  two  general  types. 
One  is  the  end  to  end  loading  type  as  built  by 
Bosworth  Manufacturing  Company  of  Cleve¬ 
land,  Ohio,  and  modified  at  the  request  of  the 
West  Virginia  Pulp  and  Paper  Company.  The 
other  is  the  side  to  side  loading  type  which  is 
the  most  common  and  widely  used  now  as  typi¬ 
fied  by  the  Montague  "Cord  a  Minute”  Loader 
shown  in  Fig.  4  and  manufactured  by  B.  L. 
Montague  Company,  Sumter,  South  Carolina. 
The  latter  is  very  efficient  and  can  load  as  much 


as  40  to  60  cords  of  5  foot  3  inch  wood  per 
hour  if  used  to  its  full  capacity. 

On  Pallets 

The  most  significant  development  in  im¬ 
proved  methods  of  handling  pulpwood  in  the 
South  has  been  the  increasing  use  of  the  Dixie 
Logger  Pallet  System.  It  consists  of  hand  load¬ 
ing  wood  on  pallets  made  by  the  Tidewater 
Equipment  Company.  Then  trucks  which  are 
equipped  with  a  winch  to  handle  these  pallets 
back  up  to  the  loaded  pallet  and  pull  it  with 
one  unit  (160  cubic  feet)  of  wood  directly  onto 
a  special  truck  bed  as  shown  in  Fig.  5. 

A  recent  modification  of  this  system  provides 
for  hauling  the  pulpwood  with  the  sticks 
parallel  to  the  bed  of  the  truck.  In  this  way 


a 
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trucks  are  loaded  to  their  capacity  as  to  legal 
width  and  better  distribution  of  the  load  is 
obtained.  Fig.  6  shows  one  unit  of  this  type 
which  was  designed  for  the  use  of  the  Crossett 
Lumber  Company.  It  has  such  a  high  gross 
vehicle  weight  capacity  in  its  capacity  of  6  to 
7  cords  that  in  many  states  it  would  be  neces¬ 
sary  to  design  a  unit  of  lower  gross  vehicle 
weight  or  use  a  semi-trailer  or  full  trailer  unit 
in  hauling  maximum  loads  permissible  under 
state  laws,  or  to  use  back  country  bridges. 

As  one  views  the  successful  application  of 
pallets  in  the  South  one  cannot  help  but  feel 
that  it  should  be  given  more  trials  in  the  other 
pulpwood  producing  regions  of  the  country.  It 
represents  one  of  the  lowest  investments  in 
mechanizing  pulpwood  handling  that  any  of 
the  smaller  producers  might  consider  at  this 
time. 

In  Bundles 

The  Pulpwood  Industry  is  certain  to  give 
more  and  more  consideration  to  handling  pulp¬ 
wood  in  bundles  as  they  make  it  possible  to 
move  a  larger  volume  per  unit.  In  a  well- 
balanced  logging  program,  the  operation  which 
handles  the  larger  unit  is  certain  to  have  the 
lower  costs  per  ton  of  material  handled.  The 
bundling  of  wood  requires  the  use  of  heavier 
machinery  to  handle  the  larger  units.  This  in 
turn  demands  greater  capital  expenditures  than 
most  producers  of  pulpwood  care  to  invest.  For 
this  reason  the  bundling  of  pulpwood  has  been 
confined  to  a  relatively  small  number  of  com¬ 
panies  and  essentially  no  independent  producer 
operations. 

One  of  the  most  successful  large-scale  loose 
bundling  operations  in  the  East  is  that  of  the 
International  Paper  Gimpany  at  Georgetown, 
South  Girolina.  On  these  operations  5-foot-3- 
inch  wood  is  piled  close  to  the  cutting  in  units 
of  160  cubic  feet.  These  are  lifted  and  moved 
in  slings  by  a  high  boom  arch  as  shown  in 
Fig.  7.  The  loose  bundles  of  wood  are  hauled 
directly  to  semi-trailer  units  on  woods  roads 
and  neatly  piled  onto  trailers  through  use  of  the 
"Busch  Sling”  described  in  Release  No.  25  of 
the  Equipment  Handbook  of  the  American 
Pulpwood  Association.  At* the  wood  yard  the 
entire  trailer  load  of  6  to  7  cords  (128  cubic 
feet)  is  lifted  by  large  cranes  which  through 
the  use  of  the  Busch  Sling  deposits  this  large 


loose  bundle  in  a  neat  pile  that  is  satisfactory 
even  for  storage  on  a  barge,  onto  cars,  or  in  the 
wood  yard. 

Close  to  Georgetown,  South  Carolina,  the 
West  Virginia  Pulp  and  Paper  Company  is  ex¬ 
perimenting  with  the  handling  of  pulpwood  in 
tight  bundles  of  80  cubic  feet  each.  These  are 
made  up  on  the  scene  of  the  cutting  from 
5-foot-3-inch  wood  by  forming  a  circular  pile 
on  light  frames  as  shown  in  Fig.  8.  Two  steel 
band  straps  of  %-inch  by  0.050  inch  material 
are  tightened  by  a  hand  device  of  the  Acme 
Steel  Company,  Chicago,  Illinois.  The  result¬ 
ing  bundles  are  then  moved  to  and  loaded  on 
trucks  by  a  high  boom  arch  such  as  noted  above, 
or  a  modification  of  this  unit  which  was  de¬ 
signed  by  the  West  Virginia  Experimental  For¬ 
est  organization  at  Georgetown,  South  Carolina. 

The  most  advanced  development  in  the  han¬ 
dling  of  pulpwood  in  tight  bundles  is  the  long 
or  tree-length  packaging  conducted  on  West 
Coast  operations.^  It  is  to  be  expected  that  this 
use  of  a  large  size  package  would  be  regarded 
most  favorably  there  because  of  the  large  scale 
of  the  operations  and  the  presence  of  heavy 
equipment.  So  long  as  the  Western  region  has 
the  heavy  trucking  and  loading  equipment  in 
use  for  the  handling  of  sawlogs  in  lengths 
from  16  to  40  feet  or  longer  it  is  likely  that  it 
will  be  practical  to  use  this  same  equipment  for 
hauling  long  lengths  of  pulpwood  in  packages. 
It  does  not  seem  that  this  method  of  handling 
pulpwood  is  likely  to  get  much  consideration 
east  of  the  Rockies,  so  long  as  operators  here 
secure  the  major  portion  of  their  wood  supply 
from  independent  contractors  and  operators 
who  rarely  have  more  than  a  single  tractor  of 
25  to  35  hp.  and  a  conventional  truck  or  two 
of  the  1^-  to  2 -ton  capacity. 

As  Chips 

The  most  radical  development  in  the  han¬ 
dling  of  pulpwood  is  that  of  chipping  the  wood 
in  or  close  to  the  woods  and  hauling  it  to  the 
mill  as  chips.  This  procedure  has  been  initiated 
on  a  trial  basis  by  the  National  Container  Cor¬ 
poration  at  Tomahawk,  Wisconsin  and  is  de¬ 
scribed  in  Release  No.  73  of  the  Equipment 

'De  Moisy,  Ralph.  Packaged  Logs.  New  Wood 
Use  Series,  Circular  No.  6,  Forest  Products  Institute, 
Seattle. 
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Handbook  of  the  American  Pulpwood  Associa¬ 
tion.  The  advantages  cited  for  this  method  of 
handling  pulpwood  are: 

,  1.  It  permits  closer  utilization  of  the  trees 
felled  by  using  wood  to  as  small  a  top  as  two 
inches  in  diameter.  It  should  encourage  thin¬ 
ning  and  utilization  of  material  from  second 
growth  stands  which  could  not  be  cut  under 
most  circumstances. 

2.  The  fire  hazard  in  forest  stands  is  lowered 
because  the  amount  of  slash  is  reduced  by 
closer  utilization. 

3.  Storage  in  mill  yard  and  subsequent  losses 
from  decay  are  eliminated  when  the  chipper  is 
in  operation. 

4.  The  handling  of  wood  in  a  wood  room 
of  the  mill  is  eliminated.  All  these  advantages 
may  result  in  a  saving  of  as  much  as  $1.50  per 
cord  on  the  cost  of  chips  delivered  to  the  pulp 
mill.  Against  these  favorable  considerations  the 
following,  limitations  must  be  regarded: 

1.  At  present  only  rough  poplar  is  being 
used  and  the  chips  developed  are  used  in  a 
semi-chemical  pulping  process  where  the  pro¬ 
portion  of  bark  left  on  the  chips  is  not  serious. 

2.  The  largest  diameter  this  chipper  will 
handle  is  12i/^  inches,  and  it  is  fed  from  the 
top  as  shown  in  Fig.  9. 

3.  Full  integration  of  production  of  pulp¬ 
wood  in  the  woods  and  the  hauling  of  chips  to 
the  mill  is  required  and  weather  conditions  may 
seriously  disrupt  this  in  the  Lake  States. 

4.  A  specialized  form  of  trailer  or  truck  unit 
as  shown  in  Fig.  10  is  required  to  haul  the 
bulky  chips  which  take  up  close  to  twice  the 
volume  of  a  similar  weight  of  wood. 


Conclusion 

No  attempt  will  be  made  here  to  evaluate 
the  relative  advantages  or  disadvantages  of 
hauling  pulpwood  by  the  piece,  on  pallets,  in 
bundles,  or  as  chips.  Each  company  must  re¬ 
gard  these  procedures  in  the  light  of  its  entire 
capital  investment,  wood  resources,  and  operat¬ 
ing  methods  from  stump  to  chipper.  Decisions 
as  to  the  most  efficient  and  most  economical 
methods  must  be  based  on  experience,  trial  and 
error,  and  careful  time  and  cost  studies.  The 
pulpwood  industry  as  a  whole  is  not  making 
adequate  use  of  time  and  cost  study  techniques 
in  the  production  of  pulpwood.  These  tech¬ 
niques  have  for  years  been  used  in  analyzing 
pulp  mill  operations.  The  fact  that  so  much  of 
the  pulpwood  is  produced  by  operators  who  are 
not  under  control  of  the  pulp  producing  com¬ 
panies  has  retarded  the  use  of  time  studies  in 
the  woods.  Ways  and  means  of  making  these 
studies  in  spite  of  the  reluctance  of  the  industry 
to  interfere  in  any  way  with  the  contractual  re¬ 
lationship  it  may  have  with  independent  pulp¬ 
wood  producers  must  be  found.  Until  they  are, 
the  industry  is  likely  to  progress  very  slowly  in 
deciding  whether  it  should  be  using  4-foot, 
5-foot,  8-foot,  log-length,  or  tree-length  mate¬ 
rial  or  whether  it  should  be  moving  pulpwood 
by  the  piece,  on  pallets,  in  bundles,  or  as  chips. 

The  current  improved  methods  of  handling 
pulpwood  have  been  reviewed,  but  the  question 
of  which  method  is  best  for  your  operation  can 
only  be  determined  by  your  experience,  costly 
trials  and  errors,  or  carefully  planned,  well 
financed,  and  adequately  staffed  cost  and  time 
studies. 


Discussion 

Mr.  P.  N.  Vance  (Fir-Tex  Insulating  Board 
Co.) :  What  methods  of  barking  are  used  in 
portable  chipping  operations  located  in  the 
woods  ? 

Mr.  Bromley:  Most  of  the  bark  is  removed 
from  the  wood  during  the  chipping  process. 
Some  means  of  removing  bark  chips  from  wood 
chips  is  needed. 


Mr.  G.  L.  Drake  (Simpson  Logging  Com¬ 
pany)  :  Isn’t  poisoning  of  trees  to  loosen  bark 
being  done? 

Mr.  Bromley:  Yes,  it  is  becoming  popular. 
Trees  are  marked,  girdled,  and  poisoned.  The 
bark  falls  off  later.  Sodium  arsenite  is  used. 

Col.  W.  B.  Greeley  (West  Coast  Lumber¬ 
men’s  Association) :  We  have  a  man  present 
who  has  just  returned  from  observing  tree  poi- 
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soning  methods  in  Pennsylvania.  I  would  like 
to  hear  his  comments  on  costs  and  the  methods 
used. 

Mr.  Ralph  DeMoisy  (Washington  Institute 
of  Forest  Products) :  On  the  Armstrong  Forest 
Company  holdings  the  poisoning  of  trees  on  a 
commercial  basis  costs  40  cents  per  cord  as 
compared  with  $1.50  to  $3.00  for  hand  or 
machine  de-barking.  Combined  action  of  the 
poison  and  handling  during  transportation  re¬ 
moves  most  of  the  bark.  Trees  are  girdled  and 
the  poison  in  liquid  form  is  painted  on  in  a 
6-inch  belt  where  it  is  absorbed  rapidly. 

Col.  Greeley:  How  does  the  American  Pulp- 
wood  Association  carry  on  its  mechanization 
program  ? 

Mr.  Bromley:  Through  the  discussions  and 
activities  of  its  five  Technical  Committees  and 
by  keeping  its  members  posted  on  new  equip¬ 
ment  and  methods  of  producing  pulpwood; 
through  the  releases  published  in  its  Equip¬ 
ment  Handbook  and  Training  Manual. 

Mr.  L.  A.  Mueller  (Forest  Utilization  Serv¬ 
ice,  Northern  Rocky  Mountain  Forest  Experi¬ 
ment  Station) :  Is  bundling  of  pulpwood  on 
the  increase  in  the  East? 

Mr.  Bromley:  Yes,  it  is  getting  more  consid¬ 
eration,  especially  since  the  75-cent  minimum 
wage  law  went  into  effect.  Hand  labor  was 
feasible  before,  but  now  many  operators  will 
have  to  use  more  machines  and  larger  packages 
in  handling  pulpwood. 

Mr.  T.  E.  Kelley  (Washington  State  Col¬ 
lege)  :  How  do  you  suggest  the  pulpwood 


industry  be  kept  fully  informed  as  to  new 
developments  in  the  mechanization  of  pulp¬ 
wood  production? 

Mr.  Bromley:  By  exchanging  ideas  and  in¬ 
formation  through  bulletins  and  our  Equipment 
Handbook  and  by  discussions  and  demonstra¬ 
tions  of  this  type  and  the  Technical  Commit¬ 
tees  of  the  American  Pulpwood  Association. 

Mr.  A.  Stuart  (Industrial  Consultant,  Port¬ 
land,  Oregon):  Are  there  any  published  com¬ 
parative  cost  studies  on  pulpwood  handling 
methods  ? 

Mr.  Bromley:  Very  few,  and  that  is  a  weak 
point  in  our  progress  now.  There  is  a  lack  of 
economic  studies.  Methods  of  accounting  vary, 
and  a  standard  system  of  cost  control  and  cost 
accounting  is  needed.  Little  is  available  in  this 
field  as  far  as  woods  operational  records  are 
concerned. 

Mr.  Stuart:  There  is  a  great  advantage  in 
making  this  information  available  to  the  public, 
and  to  pulpwood  operators. 

Mr.  Bromley:  Much  of  our  material  on  train¬ 
ing  and  mechanization  is  made  available  to  for¬ 
estry  schools  and  interested  government  agen¬ 
cies.  To  reach  farmer  operators  and  small  pulp¬ 
wood  producers,  the  cooperation  of  the  Exten¬ 
sion  Service  in  problems  of  logging,  moving, 
and  transporting  of  wood  is  likely  to  be  help¬ 
ful.  The  American  Pulpwood  Association  is 
reaching  an  increasing  number  of  pulpwood 
producers  and  workers  each  year  through  its 
mechanization,  training  and  safet)'  programs. 
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TECHNICAL  SESSION  IV 
Tuesday,  June  27,  1950,  9:00  A.  M. 

General  Subject:  Quality  Control  in  Forest  Products 

Chairman:  R.  C.  Fraunberger,  Philco  Corporation,  Philadelphia,  Penn¬ 
sylvania  . 

Recorder:  Raymond  H.  Dingman,  Chief  Instructor,  Klok  Institute,  Grand 
Rapids,  Michigan  (Secretary-Treasurer,  Grand  Rapids  Section,  FPRS) 


R.  H.  Dingman,  R.  C.  Fraunberger. 
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Quality  Control  in  Sawmill  Operations  as  Practiced 
in  Class  ‘A’  Douglas  Fir  Mills 

J.  B.  Grantham 

Professor  of  Forest  Products,  School  of  Forestry,  Oregon  State  College,  Corvallis,  Oregon 


The  problem  of  quality  control  in  lumber  manufacture  is  complicated  by  the  great  variation  in  raw 
material  quality,  and  by  the  fact  that  so  many  thousands  of  producers,  many  with  no  stake  in  the  future  of 
the  industry,  are  engaged  in  lumber  production.  A  discussion  of  the  quality  control  practiced  by  Class  A 
Douglas  fir  mills  of  the  Pacific  Northwest  should  reveal  some  effects  of  these  complications,  and  emphasize 
the  need  for  greater  industry-wide  interest  in  quality  control. 

Even  the  quality  control  practiced  by  Class  A  fir  mills  varies  widely  among  the  160-odd  plants  in  this 
group.  Some  of  these  mills  pay  strict  attention  to  all  phases  of  quality  control  including:  (1)  the  adjustment 
of  manufacturing  methods  to  the  quality  of  logs  available,  (2)  an  emphasis  on  maximum  value  recovery  at 
each  stage  of  manufacture,  and  (3)  the  expendittire  of  time  and  money  on  produa  improvement.  Others  stress 
quantity  production,  overlook  losses  of  value  in  manufacture,  and  devote  little  effort  to  product  improvement. 
Despite  this  disparity,  all  Class  A  fir  mills  must  consider  quality  to  some  degree. 


Quality  control  has  been  defined  m 
many  ways.  As  applied  to  lumber  manu¬ 
facture  it  means,  "Obtaining  the  highest 
possible  value  from  every  log  cut.”  This  implies 
such  things  as; 

1.  Proper  log  selection  for  a  given  mill  or 
the  adoption  of  manufacturing  methods 
that  are  suited  to  the  log  supply  available. 

2.  Maximum  value  recovery  and  minimum 
loss  from  each  log  sawed  through  control 
of  the  individual  operations. 

3.  Maintenance  or  improvement  of  product 
standards  in  order  to  hold  or  expand  mar¬ 
kets  in  competition  with  other  manufac¬ 
turers. 

In  general,  the  lumber  industry  has  done  a  bet¬ 
ter  job  of  adapting  manufacturing  methods  to 
log  supply  than  it  has  in  reducing  losses  or  in 
expanding  jnarkets  through  product  improve¬ 
ment. 

Any  discussion  of  quality  control  in  sawmill 
operations  involves  the  danger  of  generaliza¬ 
tion.  More  than  50,000  sawmills  contribute  to 
the  domestic  lumber  production.  The  problem 
of  quality  control  differs  for  each  of  these 
manufacturing  units  for  no  two  are  identical 
with  respect  to  quality  of  raw  material,  manu¬ 
facturing  equipment,  skill  of  the  labor  em¬ 
ployed,  and  markets  supplied. 

For  example,  the  Class  A  Douglas  fir  mills 
of  the  Pacific  Northwest  as  a  rule  are  quality 
conscious.  Class  A  fir  mills  are  those  cutting 
principally  Douglas  fir  and  at  a  rate  of  more 


than  10  M.  bd.  ft.  per  hour.  This  class  includes 
about  160  mills,  roughly  ten  percent  of  the 
sawmills  in  western  Oregon  and  Washington, 
and  accounts  for  approximately  55  percent  of 
the  lumber  production  of  this  area. 

The  fact  that  these  mills  are  selected  for  dis¬ 
cussion  does  not  imply  that  all  of  Class  A  mills 
are  more  efficient  and  progressive  than  any  of 
the  class  B,  C  or  D  mills  of  the  region.  But  by 
and  large,  because  of  larger  investments, 
greater  working  capital  and  a  greater  variety  of 
specialized  equipment;  this  class  includes  a 
group  of  stable  and  efficient  producers. 

Quality  Control  Through  Log  Selection 

The  problem  of  log  selection  for  Douglas  fir 
sawmills,  which  was  relatively  simple  and  under 
complete  control  of  the  lumber  manufacturer 
during  1930’s,  has  assumed  critical  importance 
due  to  the  diminishing  supply  of  old-growth 
timber  and  the  growing  demand  for  all  types 
of  forest  products  from  the  Pacific  Northwest. 

The  problem  of  log  selection  has  at  least 
three  phases: 

1.  There  is  increasing  pressure  on  fir  saw¬ 
mills  to  accept  some  marginal  or  sub¬ 
marginal  logs. 

2.  Increased  markets  for  peeler  logs  and  pulp 
logs  make  it  more  difficult  to  decide 
whether  a  particular  log  s^lould  be  peeled, 
pulped,  or  sawed. 

3.  It  still  is  desirable  to  sort  logs  by  sawing 
characteristics  providing  that  sufficient 
pond  space  is  available. 
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Marginal  or  Submarginal  Logs 

The  commendable  improvement  in  timber 
utilization  in  the  Douglas  fir  region  during  the 
past  ten  years  has  posed  a  new  problem  for  fir 
sawmills.  In  recovering  a  20  percent  greater 
volume  per  acre  from  many  areas,  loggers  in¬ 
clude  shorter,  smaller,  and  more  defective  logs 
than  they  did  in  prewar  years.  In  many  in¬ 
stances  the  strong  demand  for  forest  products 
has  made  it  possible  to  process  this  material  at 
a  profit. 

Based  on  these  profitable  experiences,  log¬ 
gers,  logging  departments  of  pulp  companies 
and  many  lumber  manufacturing  concerns,  and 
the  agencies  responsible  for  federally-owned 
timber  are  applying  closer  standards  of  utiliza¬ 
tion  in  the  woods.  Although  the  logs  recovered 
are  merchantable  (containing  at  least  one-third 
sound  wood),  they  may  be  submarginal  for 
many  sawmills.  Partially  defective  logs,  par¬ 
ticularly  Douglas  fir  logs  containing  white 
pocket  rot,  vary  considerably  in  their  suitability 
for  lumber  production  for  not  only  the  amount 
but  the  location  of  the  defect  is  important. 

The  seriousness  of  the  submarginal  log  prob¬ 
lem  lies  in  the  fact  that  such  large  volumes  of 
these  logs  are  diverted  to  sawmills.  Three  fac¬ 
tors  contribute  to  this  situation.  First,  there  is 
a  tendency  to  practice  closer  utilization  on  pri¬ 
vate  lands  due  to  higher  investments  in  stump- 
age  and  logging  roads.  Second,  between  10  and 
15  percent  of  the  old-growth  logs  sawed  in  the 
region  come  from  federally -owned  timber  stands 
where  close  utilization  is  required.  Third, 
although  many  of  the  submarginal  logs  could 
be  converted  to  pulp  for  container  board,  hard- 
board  or  similar  products  at  a  profit,  these  out¬ 
lets  are  limited  at  the  present  time. 

The  large  volume  of  low-grade  logs  now 
processed  by  sawmills  is  reflected  by  an  in¬ 
creased  production  of  No.  3  and  4  common 
lumber.  The  proportion  of  No.  3  and  4  com¬ 
mon  produced  in  western  Oregon  and  Wash¬ 
ington  runs  as  high  as  25  percent  compared 
with  approximately  10  percent  in  prewar  years. 
The  production  of  cut  stock  and  end-matched 
material,  better  trimming  for  grade,  and  more 
aggressive  merchandising  have  alleviated  the 
problem  but  have  not  solved  it. 


Selection  of  Logs  for  Sale 

Plywood  plants  now  offer  premium  prices 
for  logs  that  formerly  were  considered  saw- 
logs  while  pulp  mills  accept  low-grade  Douglas 
fir  logs  more  readily  than  in  the  past.  Thus, 
lumber  manufacturers  who  do  their  own  log¬ 
ging  face  a  problem  of  log  disposition.  They 
must  decide  whether  certain  types  of  logs  will 
yield  a  greater  profit  through  sale  to  plywood 
or  pulp  mills,  or  whether  they  will  yield  a 
greater  profit  through  sawing.  Fluctuations  in 
log  prices  and  in  lumber  inventories  may  re¬ 
quire  frequent  reappraisals  of  comparative  log 
values. 

Mill  Studies  as  an  Aid  to  Log  Selection 

On  occasion  Class  A  fir  mills  resort  to  mill 
studies  in  order  to  check  comparative  log  values. 
A  typical  mill  study  involves  cleaning  the  mill 
and  sorting  chains;  sawing  a  certain  type  or 
grade  of  log,  say  No.  3  peelers,  for  8  hours; 
then  tallying  and  grading  all  of  the  lumber  re¬ 
covered.  A  study  of  this  type  is  adequate  for 
logs  of  fairly  uniform  quality.  It  is  not  too 
satisfactory  for  partially  defective  logs  owing  to 
the  wide  ranges  of  variability  encountered. 

For  defective  logs  which  exhibit  wide  varia¬ 
tion  in  the  character,  extent,  and  location  of 
defect,  it  is  desirable  to  follow  each  individual 
log.  The  School  of  Forestry  and  the  Oregon 
Forest  Products  Laboratory  recently  have  par¬ 
ticipated  in  two  mill  studies  of  the  latter  type. 
Such  a  study  not  only  reveals  which  logs  are 
sawed  profitably  but  shows  the  margin  of  loss 
on  submarginal  logs.  In  this  way,  the  study  in¬ 
dicates  the  possibility  of  sawing  some  types  of 
logs  profitably  by  varying  sawing  procedure  or 
by  seeking  new  market  outlets.  In  addition,  it 
provides  a  basis  for  better  log  selection  in  the 
woods. 

Sorting  and  Storage  of  Logs 

If  the  sawmill  log  pond  is  large  enough, 
it  is  customary  to  store  some  classes  of  logs  for 
sawing  at  a  later  time.  Species  such  as  hemlock 
and  cedar  are  often  stored  in  the  pond  until  the 
mill  can  make  a  full  day’s  run  on  one  of  these 
species.  This  practice  makes  it  possible  to  con¬ 
centrate  on  cutting  orders  and  manufacturing 
practices  appropriate  to  that  species. 

Douglas  fir  logs  suitable  for  the  production 
of  such  items  as  long,  high-quality  timbers  may 
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be  held  in  the  pond  until  orders  for  such  tim¬ 
bers  are  received.  This  means  that  these  logs 
may  return  their  maximum  value  in  special  cut¬ 
tings  rather  than  the  average  value  realized 
from  stock  items.  Inquiries  for  special  cuttings 
are  often  rejected  by  fir  mills  when  suitable 
logs  are  not  available.  Attempts  to  cut  special 
timbers  from  average  logs  may  result  in  de¬ 
creased  production,  a  high  percentage  of  re¬ 
jects,  which  require  costly  remanufacture,  and 
dissatisfied  customers. 

It  is  evident  that  quality  control  in  lumber 
manufacture  begins  with  log  selection  in  the 
pond  or  in  the  woods.  Raw  material  quality  is 
so  variable  in  the  Pacific  Northwest,  particularly 
when  partially  defective  logs  must  be  sawed, 
that  Class  A  fir  sawmills  face  a  particularly 
complex  problem. 

Quality  Control  in  Manufacturing 
Operations 

Quality  control  after  log  selection  involves: 
(1)  the  installation  and  maintenance  of  suit¬ 
able  equipment;  (2)  thorough  training  of  key 
employees,  and  (3)  adherence  to  manufactur¬ 
ing  practices  that  will  yield  maximum  values 
with  minimum  losses.  Instead  of  discussing 
each  of  these  factors  separately,  the  stages  of 
lumber  manufacture  will  be  covered  in  se¬ 
quence,  describing  the  quality  control  measures 
applied  at  each  stage. 

Head  Sawing 

Equipment.  The  main  or  head  sawing  opera¬ 
tion  in  Class  A  Douglas  fir  mills  normally  is 
accomplished  with  an  8-  or'  9-foot  band  saw, 
although  some  double-cirailar  head  saws  are 
used.  Careful  attention  is  given  to  saw  aline- 
ment,  saw  speed,  rate  of  feed,  saw  strain,  and 
saw  filing  to  avoid  "snaking”  of  the  saw  and 
an  unnecessary  variation  in  lumber  thickness. 

Carriages  are,  as  a  rule,  large  enough  to  take 
logs  up  to  6  feet  in  diameter  and  40  feet  in 
length.  They  usually  are  provided  with  elec¬ 
tric  setworks  having  a  preset  arrangement  to  in¬ 
sure  accurate  setting  to  ^  inch,  and  have  auto¬ 
matic  taper  setting  equipment.  These  carriages, 
weighing  up  to  40  tons,  must  be  maintained 
constantly  to  insure  perfect  alinement  and  accu¬ 
rate  setting. 

Sawyer  training.  Mill  men  state  that  it  costs 
$10,000  to  $15,000  to  break  in  a  new  sawyer. 


This  probably  is  a  conservative  estimate  of  the 
cost  to  a  Class  A  fir  mill.  Some  of  the  cost  is 
due  to  a  temporary  decrease  in  production; 
most  of  it  is  due  to  the  loss  of  values  incurred 
while  the  new  sawyer  learns  the  characteristics 
of  the  mill’s  log  supply  and  the  manufacturing 
practices  of  the  mill. 

A  sawyer  must  handle  the  carriage,  log 
loader  and  log  turner  safely  but  without  hesita¬ 
tion  for  he  is  the  mill’s  pacemaker  with  30  to 
100  men  gearing  their  production  rate  to  his. 
As  a  rule,  the  head  saw  is  capable  of  swamping 
the  rest  of  the  mill  with  lumber  by  sawing  at 
maximum  speed.  This  means  that  the  experi¬ 
enced  sawyer  need  not  concentrate  solely  on 
speed,  but  can  give  attention  to  log  quality  and 
special  cutting  orders  on  hand. 

As  L.  A.  Nelson,’^  has  stated,  "The  sawyer’s 
responsibility  is  to  break  down  the  log  in  ac¬ 
cordance  with  operating  policy,  as  rapidly  as 
possible  consistent  with  quality  recovery  and 
do  it  with  a  minimum  of  waste.  His  ability  to 
think  clearly  and  to  decide  quickly  is  reflected 
in  a  large  output  of  good  quality  lumber”. 
Since  the  quantity  and  quality  of  lumber  pro¬ 
duced  is  determined  largely  by  the  head  sawyer, 
the  training  of  a  sawyer  is  a  matter  of  utmost 
importance. 

Manufacturing  practices.  It  is  customary  for 
the  mill  management  to  furnish  the  head 
sawyer  and  other  key  men  with  general  saw¬ 
ing  instructions.  In  Class  A  fir  mills,  sawyers 
usually  are  instructed  to  cut  for  the  highest 
quality  the  log  will  produce.  However,  this 
general  instruction  may  be  modified  by  special 
cutting  orders  and  the  balance  of  lumber  stocks 
on  inventory. 

With  quality  production  in  mind,  many 
Class  A  fir  mills  instruct  the  head  sawyer  to 
taper  saw  all  logs — cutting  parallel  to  the  bark. 
Other  Class  A  mills  may  leave  this  to  the 
sawyer’s  judgment  expecting  that  he  will  taper 
saw  logs  of  better  quality,  especially  if  they 
are  butt  logs  or  long  logs.  The  chief  advantage 
of  taper  sawing  is  that  it  produces  straight¬ 
grained  lumber  from  the  best  portion  of  the 
log.  This  straight-grained  lumber  not  only  has 
higher  strength  and  initial  monetary  value  but 
suffers  less  degrade  in  seasoning  and  planing. 

‘Nelson,  L.  A.  1948.  Sawing  Logs  Into  Lumber. 
Timberman  49  (5):84. 
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Taper  sawing  consistently  gives  a  higher  quan¬ 
tity  recovery  or  overrun  per  board  feet  of 
log  scale.  This  additional  overrun  compensates 
for  the  time  required  to  set  the  log  properly 
on  the  carriage.  Therefore,  the  added  value  of 
the  lumber  recovered  by  taper  sawing  repre¬ 
sents  increased  profit. 

In  deciding  upon  the  thickness  to  cut  at  the 
head  saw,  mill  managers  are  guided  by  experi¬ 
ence.  Factors  that  will  determine  cant  thickness 
include:  (1)  the  accuracy  of  the  head  sawing, 
(2)  the  kerf,  sawing  accuracy  and  the  number 
of  cuts  to  be  made  by  the  resaws,  (3)  the 
shrinkage  allowance,  if  the  lumber  is  to  be  kiln 
dried,  (as  determined  by  the  average  moisture 
content  desired),  and  (4)  the  allowance  needed 
for  planing  without  a  loss  in  grade  due  to  skips. 

If  it  is  possible  to  state  an  average  sawing 
practice  for  Class  A  fir  mills,  it  might  be  said 
that  the  average  practice  is  to  cut  common  cants 
to  net  sizes,  (2-,  4-,  6-,  8-inch,  and  greater 
thicknesses),  and  Clear  or  shop-type  cants  l/g 
or  Yi  oversize.  Clear  and  Shop  are  re¬ 
sawed  more  often,  dried  to  lower  moisture  con¬ 
tents,  and  need  to  surface  out  cleaner  to  stay 
on  grade.  Consequently,  heavier  thicknesses 
must  be  cut  at  the  head  saw. 

Cant  thicknesses  for  special  cutting  orders 
such  as  timbers,  railway  car  material,  battery 
separator  stock,  etc.  are  determined  by  mill  ex¬ 
perience.  When  a  head  sawyer  is  cutting  cants 
for  special  orders  as  well  as  Common,  Clear, 
and  Shop  for  stock,  confusion  may  result  in  the 
later  breakdown  of  these  cants.  Differences  in 
cant  thickness  may  be  very  slight.  The  sawyer 
has  anticipated  what  each  cant  should  produce 
as  it  passes  through  the  mill,  but  his  anticipated 
breakdown  may  be  misunderstood  by  the  edger- 
man,  trimmerman  or  resawyer.  Although  each 
key  man  in  the  mill  has  a  duplicate  list  of  spe¬ 
cial  orders  he  may  be  so  pressed  to  keep  pace 
with  the  head  saw  that  he  will  saw  a  cant 
improperly. 

In  most  mills,  the  head  sawyer  is  able  to 
signal  his  anticipated  use  of  a  cant  to  other  key 
men  in  the  mill  by  means  of  lights  or  horns. 
In  rare  instances,  an  intercommunication  system 
may  be  employed  for  this  purpose.  As  a  rule, 
the  routing  and  remanufacture  of  cants  accord¬ 
ing  to  the  head  sawyer’s  intention  could  be 
improved  upon  with  a  saving  to  the  mill.  How¬ 
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ever,  such  devices  as  intercommunication  sys¬ 
tems  have  disadvantages  and  most  mills  rely 
on  the  experience  and  interest  of  their  key  em¬ 
ployees  to  avoid  undue  losses  through  misinter¬ 
pretation  of  the  sawyer’s  intentions. 

Cant  and  Timber  Trimming 

In  long-log  mills  having  a  variety  of  remanu¬ 
facturing  equipment,  cants  may  be  routed  from 
the  head  saw  directly  to  a  push-button  station 
and  cut-off  saw.  The  cut-off  saw  is  operated  by 
a  man  familiar  with  cant  grading  who  can  trim 
long  cants  and  route  the  two  or  three  shorter 
pieces  to  the  proper  place  in  the  mill — prefer¬ 
ably  to  the  pony  resaw,  gang  resaw,  edger,  or 
timber  dock. 

In  Class  A  fir  mills  that  have  only  one  or 
two  resaws,  the  above  functions  may  be  per¬ 
formed  in  part  at  the  timber  cut-off  saw.  The 
duty  of  the  cut-off  saw  operator  is  to  trim  tim¬ 
bers  to  order  and  return  pieces  too  short  for 
timber  orders  to  the  proper  place  in  the  mill. 
'The  cut-off  saw  operator  is  responsible  for 
checking  timber  grades  against  orders.  If  a 
piece  is  not  up  to  grade,  it  can  be  rerouted  im¬ 
mediately.  'This  practice  limits  later  rejections, 
extra  handling  in  the  yard,  and  the  necessity 
of  last  minute  cutting  to  complete  a  special 
order. 

Edging 

The  function  of  the  main  edger,  which  is 
located  near  the  head  saw,  is  to  rip  cants  as 
intended  by  the  head  sawyer.  Duties  of  the 
edgerman  include  edging  slabs  for  later  resaw¬ 
ing,  ripping  cants  into  special  or  stock  items, 
removing  wane  with  minimum  loss,  and  segre¬ 
gating  Clear  from  Common  in  the  ripping 
operation. 

This  is  an  over  simplification  of  the  edger- 
man’s  responsibilities  for  he  must  be  alert  for 
special-order  cants,  ever  conscious  of  grade 
characteristics,  and  must  maintain  a  uniform 
pace  so  that  he  may  position  the  cant  and  set 
the  edger  saws  accurately  without  delaying  the 
head  saw. 

Equipment.  The  main  edger  is  built  for 
stamina.  Delays  at  the  edger  will  slow  the  head 
saw  almost  immediately  in  most  Class  A  fir 
mills  for  there  is  little  storage  space  between 
these  two  pieces  of  equipment.  In  order  that 
the  edgerman  may  keep  pace  and  still  have 
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time  to  cut  for  maximum  value,  the  edger  usu¬ 
ally  is  equipped  with  variable-speed  feed  rolls, 
double  transfer  chains,  and  often  has  shadow 
guides  lines  cast  on  the  front  edger  table  by 
overhead  wires.  At  least  two  pine  mills  have 
installed  shadow  guides  that  move  with  the 
saws.  While  this  type  has  not  been  installed  in 
fir  mills,  some  Class  A  fir  mills  are  considering 
the  addition  of  such  equipment. 

Edgers  should  have  ample  power,  sharp  saws 
and  well-maintained  feed  rolls  to  assure 
straight  feeding.  Weaving  of  edger  saws  or 
crooked  feeding  of  cants  can  cause  serious 
losses  of  high-grade  material.  Many  Class  A 
fir  mills  have  adopted  a  mechanical  device  to 
hold  square-edge  cants  against  the  edger  guide. 
Holdover  devices  are  helpful,  as  cants  with  one 
square  edge  are  more  apt  to  saw  crooked,  but 
they  will  not  compensate  for  worn  feed  rolls 
or  dull  saws. 

Matwfact/irhig  practices.  Although  the  mill 
manager  provides  the  edgerman  with  certain 
general .  instructions  and  supplies  him  with 
copies  of  special  cutting  orders,  in  the  main  the 
manager  relies  on  the  edgerman’s  experience, 
judgment  and  interest  for  quality  control.  A 
serious  obstacle  to  maximum  recovery  in  edging 
is  the  limited  storage  space  ahead  of  the  edger. 
Once  this  is  filled,  the  edgerman  must  work 
under  pressure.  A  study  made  years  ago  re¬ 
vealed  that  the  edgerman  could  spend  only  18 
percent  of  his  time  in  examining  cants  as  a 
basis  for  his  sawing  pattern;  the  balance  of  his 
time  was  required  for  spotting,  saw  setting, 
feeding,  transferring,  etc.  It  is  believed  that 
present  mill  practice  allows  very  little  more 
time  for  thi^  important  phase  of  an  edgerman’s 
work. 

It  has  been  suggested  that  an  intermediate 
cut-off  and  grading  station  be  installed  between 
the  head  saw  and  edger  in  mills  that  have  no 
provision  for  cant  trimming  ahead  of  the 
edger.2  Doubtful  cants,  which  require  trim¬ 
ming  or  special  consideration  to  decide  the  most 
desirable  cutting  pattern,  could  be  shunted  to 
this  station.  An  experienced  grader  would  trim 
where  necessary,  mark  for  ripping,  and  route 
the  cants  to  a  position  near  the  edger  feed 


*Mitchel,  W.  F.  1949.  Design  for  Sawmill  Floor 
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table.  The  edgerman,  if  relieved  of  such  re¬ 
sponsibility,  could  maintain  the  mill’s  produc¬ 
tion  rate  without  sacrificing  quality. 

Gang  Trimming 

Gang  trimmers,  which  are  used  almost  uni¬ 
versally  in  Class  A  fir  mills,  are  very  efficient 
production  machines  but  have  little  to  recom¬ 
mend  them  in  so  far  as  quality  control  is  con¬ 
cerned.  Mills  cutting  over  6  M  board  feet  of 
lumber  per  hour  usually  employ  gang  trim¬ 
mers  in  order  to  maintain  production  on  a 
straight  line  basis.  From  the  standpoint  of  ob¬ 
taining  maximum  recovery,  gang  trimmers 
have  two  disadvantages.  First,  saws  are  set  two 
feet  apart  and  cannot  remove  a  defect  without 
an  unnecessary  loss  of  material.  Second,  the 
trimmerman  is  some  distance  above  the  lumber 
and  unable  to  see  defects  as  well  as  he  could  in 
hand  trimming. 

A  majority  of  Class  A  fir  mills  have  elimi¬ 
nated  slasher  saws  from  their  plants.  The  cut¬ 
ting  of  edgings,  slabs  and  non-merchantable 
pieces  into  four  foot  lengths  is  done  instead  on 
the  gang  trimmers.  This  means  that  the  trim- 
merman,  a  key  employee  possessing  a  knowl¬ 
edge  of  lumber  grades  and  values,  sees  each 
piece  before  it  can  be  consigned  to  the  waste 
conveyor.  This  in  itself  is  a  forward  step  in 
quality  control  for  there  is  always  a  tendency 
for  off-bearers  behind  the  head  saw  and  edger 
to  divert  too  much  material  to  the  slashers  when 
the  trimmer  table  becomes  congested. 

The  elimination  of  the  slasher,  however, 
places  a  heavier  burden  on  the  gang  trimmer. 
Unless  the  mill  has  a  very  smooth  flow  of  lum¬ 
ber,  this  may  contribute  to  pile-ups  on  the 
trimmer  table.  During  such  periods,  the  trim- 
merman  may  have  insufficient  time  to  trim 
high-quality  pieces  for  grade. 

In  some  Class  A  fir  mills,  lumber  that  has 
been  resawed  must  be  returned  to  the  main 
gang  trimmer.  This  arrangement  throws  an 
especially  heavy  burden  on  the  trimmerman.  A 
majority  of  the  resawn  lumber  does  not  re¬ 
quire  trimming,  and  it  is  helpful  if  pieces  that 
do  not  need  retrimming  can  move  directly  to 
the  green  sorting  chain. 

Retrimming 

Where  Class  A  fir  mills  have  more  than  one 
piece  of  resawing  equipment,  an  additional 
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gang  trimmer  normally  is  required.  This  sec¬ 
ondary  or  pony  trimmer  will  handle  stock  from 
the  resaws  and  re-edger.  Inasmuch  as  pony 
gang  trimmers  normally  will  handle  stock  only 
20  to  24  feet  long,  the  pony  trimmerman  must 
exercise  care  in  trimming  for  grade  lest  he  pro¬ 
duce  an  excessive  amount  of  short-length  lum¬ 
ber.  Ten  to  twenty  percent  of  lengths  less  than 
8  feet  can  be  included  in  most  clear  grades 
without  loss  of  value  but  some  short  lengths 
will  be  produced  in  the  planing  mill.  Excessive 
amounts  of  short-length  lumber  must  be  sold 
separately  at  a  heavy  loss.  Thus,  an  excessive 
production  of  shorts  will  defeat  the  purpose  of 
trimming  for  grade. 

Undue  congestion  ahead  of  the  pony  trimmer 
is  sometimes  relieved  by  installing  a  hog  be¬ 
side  the  transfer  chains  leading  to  the  pony 
trimmer.  Edgings,  shims  or  other  pieces  with 
no  further  value  can  be  pulled  and  fed  to  the 
hog  so  that  the  pony  trimmerman  need  not 
sacrifice  time  in  cutting  these  on  the  trimmer. 

Resawing 

A  major  problem  of  quality  control  in  saw¬ 
mills  centers  around  the  choice  of  resawing 
equipment.  The  selection  and  arrangement  of 
resaws  will  depend  largely  upon  the  quantity 
and  quality  of  logs  available  to  a  mill. 

Resaws  may  accomplish  four  purposes; 

1.  They  may  increase  the  production  of  the 
mill. 

2.  They  may  lower  the  average  cost  of  pro¬ 
duction. 

3.  They  may  increase  the  volume  of  lumber 
recovered  from  each  M  board  feet  of  logs 
sawed. 

4.  They  may  increase  the  average  lumber 
value. 

No  mill  can  recover  maximum  value  from  old- 
growth  Douglas  fir  logs  without  some  type  of 
resaw.  The  type  of  resaw,  or  resaws,  selected 
may  determine  whether  or  not  the  mill  can 
obtain  the  maximum  value  from  a  given  class 
of  log.  Unfortunately,  only  a  few  Douglas  fir 
mills  are  large  enough  to  justify  the  installation 
of  each  type  of  resaw  and  many  Class  A  mills 
must  depend  upon  one  machine  to  perform  all 
of  the  resawing  operations.  The  characteristics 
of  the  four  major  types  of  resaws  are  consid¬ 
ered  below. 


Gang  resaws.  Gang  resaws  provide  the  only 
means  of  producing  an  appreciable  amount  of 
vertical-grain  lumber  at  Douglas  fir  mills.  For 
this  reason  alone,  a  gang  saw  is  warranted  in 
any  large  fir  mill  cutting  old-growth  logs.  Ver¬ 
tical-grain  stock  brings  a  $20-$23  per  M  board 
feet  premium  over  flat-grain  in  B  &  Btr  and 
C-Select  grades.  Consequently,  wherever  a  Class 
A  fir  mill  includes  a  gang  resaw,  the  head 
sawyer  strives  to  cut  clear  cants  that  will  pro¬ 
duce  vertical-grain  stock  on  the  gang.  A  gang 
resaw  also  permits  a  mill  to  cut  such  high-value, 
specialty  items  as  ship  decking  and  battery  sep¬ 
arator  stock  to  good  advantage. 

Gang  resaws  possess  the  further  advantage  of 
sawing  very  accurately.  Although  a  gang  resaw 
takes  about  the  same  kerf  as  a  band  resaw,  it 
does  not  require  as  much  allowance  for  sawing 
variation.  Consequently,  large  cants  may  yield 
a  greater  footage  of  lumber  when  cut  on  a  gang. 

Gang  saws  do  require  cants  of  uniform  qual¬ 
ity  for  efficient  operation.  However,  where  a 
mill  is  cutting  large,  defective  logs,  the  gang 
resaw  provides  a  means  of  producing  boards 
from  the  defective  portions  of  such  logs  at  a 
very  reasonable  cost. 

Horizontal  band  resaws.  A  horizontal  band 
resaw  is  the  most  satisfactory  type  for  resawing 
slabs  as  the  slabs  lie  flat  on  the  resaw  feed  bed. 
The  feed  bed  normally  is  divided  and  supplied 
from  two  sides  making  the  horizontal  band  a 
high  production  machine  when  settings  are 
standardized.  Most  mill  men  consider  this 
machine  less  versatile  than  the  vertical  band 
and  few  mills  install  a  horizontal  band  unless 
a  vertical  band  is  available. 

Vertical  band  resaws.  A  vertical  band  saw 
will  perform  most  resawing  operations  although 
it  will  not  perform  some  as  well  as  the  hori¬ 
zontal  band,  and  cannot  efficiently  perform  the 
major  function  of  a  gang  saw. 

Several  recent  improvements  in  vertical  band 
feed  mechanisms  make  it  possible  to  feed  saws 
faster  and  more  accurately.  Accurate  sawing, 
however,  depends  first  upon  a  properly  main¬ 
tained  saw  blade  and  a  rate  of  feed  suited  to 
the  equipment.  An  excessive  rate  of  feed  for 
the  condition  of  the  blade  accounts  for  most 
miscuts  on  vertical  band  resaws.  Resaw  blades 
averaging  only  inch  in  thickness  can  be 
overcrowded  easily  in  heavy  cuts. 
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If  resawing  is  to  be  more  than  a  splitting 
operation,  the  resawyer  must  know  lumber 
values  and  cut  for  maximum  grade.  In  order 
to  obtain  the  highest  values,  the  resawyer 
should  be  able  to  see  each  piece  for  its  full 
length  as  it  comes  to  the  resaw.  Normally  the 
line-up  man  rather  than  the  resawyer  has  the 
best  view  of  the  lumber  before  it  enters  the 
resaw.  Recently,  a  resaw  that  can  be  set  by  re¬ 
mote  control  has  been  placed  on  the  market. 
Using  remote  control,  the  resawyer  may  stand 
in  the  most  favorable  position  to  view  the 
lumber  and  set  for  the  cut  as  readily  as  though 
he  were  standing  a  foot  from  the  resaw. 

Pony  resaws.  Pony  resaws  are  the  most  ex¬ 
pensive  of  the  four  types  but  offer  two  advan¬ 
tages.  First,  pony  resaws  handle  larger  cants 
than  vertical  or  horizontal  band  resaws.  Second, 
they  are  well  adapted  to  cutting  cants  of  vari¬ 
able  quality  that  could  not  be  cut  effectively  on 
a  gang.  A  pony  resaw  will  increase  the  pro¬ 
ductive  capacity  of  a  mill  considerably,  and  may 
increase  the  quality  of  output  more  than  any 
other  type  of  resaw. 

Pony  resaws  are  similar  to  head  saws  except 
that  they  saw  cants  rather  than  logs.  Pony  re¬ 
saws  in  Class  A  fir  mills  are  generally  6-  or 
7-foot  double-cutting  band  mills.  A  short,  light¬ 
weight,  fast  carriage  is  used,  for  the  pony  saw 
must  cut  faster  than  the  head  saw  in  order  to 
justify  its  installation. 

A  pony  resaw  permits  close  attention  to  qual¬ 
ity.  The  grade-conscious  resawyer  can  see  all 
sides  of  the  cant  and  can  turn  the  cant  quickly 
as  many  times  as  necessary  to  recover  the  high¬ 
est  values.  The  pony  resaw  is  well  suited  for 
the  recovery  of  vertical  or  flat-grained  clears 
from  cants  that  contain  common.  This  type  qf 
resaw  is  also  a  satisfactory  machine  for  the 
recovery  of  high-quality  lumber  from  cants  con¬ 
taining  considerable  defect.  If  the  recovery  of 
high-quality  material  from  defective  logs  is 
attempted  on  the  head  saw,  the  mill’s  produc¬ 
tion  may  be  lowered  too  seriously. 

Reripping 

Re-edgers  are  used  to' salvage  stock  items 
from  mismanufactured  pieces,  and  to  raise  lum¬ 
ber  values,  especially  by  separating  a  clear  edge 
from  a  common  edge,  in  one-inch  stock. 


Green  Chain  Sorting 

Sorting  on  the  green  chain  represents  an  ap¬ 
proximate  grade  separation  to  facilitate  subse¬ 
quent  handling  of  the  lumber.  As  a  rule,  all 
clear  grades  are  piled  together.  This  separates 
clears  from  commons  before  seasoning  so  each 
can  be  kiln  dried  on  schedules  that  will  pro¬ 
duce  properly  dried  stock  with  the  least  fall- 
down  in  grade. 

Green  chain  sorting  is  directed  by  an  experi¬ 
enced  grader  for  two  reasons.  First,  some  items 
may  be  sold  as  rough  green  and  require  grading 
on  the  green  chain.  Second,  while  marking 
lumber  for  pulling,  an  experienced  grader  will 
detect  many  pieces  that  can  be  reworked  to  in¬ 
crease  values. 

Seasoning 

Many  Class  A  fir  mills  kiln  dry  approxi¬ 
mately  80  percent  of  their  output — a  funda¬ 
mental  step  in  product  improvement.  The  80 
percent  usually  includes  all  items  except  tim¬ 
bers,  certain  export  items,  such  as  heavy  Clears, 
and  No.  3  and  4  Common. 

Although  most  fir  mills  possess  modern  dry 
kilns,  equipped  to  dry  on  any  schedule,  the 
general  level  of  drying  practice  is  lower  than 
that  employed  by  hardwood  and  ponderosa  pine 
mills.  Major  emphasis  is  placed  on  the  volume 
dried,  rather  than  on  quality  of  drying.  This 
emphasis  may  be  due  to  limited  kiln  capacity 
or  to  the  economics  of  drying,  but  improve¬ 
ments  in  seasoning  are  needed.  For  example, 
kiln-dried,  one-inch  clears  should  have  an  aver¬ 
age  moisture  content  of  10  percent,  but  90  per¬ 
cent  of  a  shipment  may  have  a  moisture  con¬ 
cent  of  12  percent,  and  10  percent  of  a  shipment 
may  have  a  moisture  content  of  15  percent. 
Although  this  does  not  represent  close  quality 
control,  it  is  more  exacting  than  the  usual  atten¬ 
tion  given  to  kiln-dried  stock  by  shippers,  retail 
dealers  and  users.  Greater  care  in  drying  and 
subsequent  handling  is  required  in  order  to 
guarantee  customer  -satisfaction. 

Dry  Sorting 

The  segregation  of  grades  after  drying  can  be 
somewhat  closer  than  in  green  sorting,  for  sea¬ 
soning  defects  will  be  apparent,  but  cannot  be 
exact  because  the  stock  is  still  rough.  There¬ 
fore,  it  is  not  possible  to  select  rough,  dry  stock 
for  a  particular  planing-mill  order  and  be  cer- 
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tain  that  the  stock  selected  will  make  the  grades 
specified  on  the  order. 

This  problem  has  led  some  Class  A  fir  mills 
to  adopt  a  practice  of  "blanking”  dry  lumber. 
Rough  dry  lumber  is  surfaced  lightly  on  two 
sides  to  reveal  the  characteristics  of  the  stock, 
segregated  accurately  by  grades,  and  then  placed 
in  storage  to  await  orders.  The  "blanked” 
thickness  usually  is  ^  to  ^  inch  heavier  than 
the  required  finished  size,  i.e.  one-inch  stock  is 
blanked  to  ^  or  %  inch  to  permit  a  finished 
thickness  of  %  or  inch.  "Blanking”  involves 
extra  handling  and  additional  planing-mill  costs 
but  reduces  the  accumulation  of  rejects  in  the 
planing  mill.  Rejected  pieces  of  slow-moving 
items  are  expensive  to  hold  or  to  rerun  to  some 
other  pattern. 

Quality  control  in  the  planing  department  of 
many  Class  A  fir  mills  could  be  improved  by 
adopting  some  suggestions  of  Cahal,®  on  the 
dry  sorting  chain. 

Planing 

Class  A  fir  mills  usually  are  fortunate  to 
have  a  variety  of  planing  mill  equipment,  as 
well  as  more  than  one  piece  of  resawing  equip¬ 
ment.  This  means  that  these  mills  can  run 
items  in  machines  that  are  well  designed  for 
the  particular  type  of  work.  No  detailed  dis¬ 
cussion  of  planers  will  be  included  here,  other 
than  to  refer  to  Koch’s  discussion  of  the  quality 
of  surfacing.'* 

Such  accessory  equipment  as  an  automatic 
feed  table  and  a  double-end  trimmer  located 
ahead  of  the  planer  assures  well  butted  ends  as 
the  pieces  flow  through  the  planer  and  largely 
eliminates  the  losses  due  to  "sniped”  ends. 

Manufacturing  practices  that  improve  quality 
in  the  planing  mill  include  turning  flat-grain 
flooring  strips  so  the  sap  side  will  be  the  fin¬ 
ished  face.  The  practice  of  easing  the  edges  of 
dimension  lumber  in  the  planing  operation  is 
one  product  improvement  that  lumber  handlers, 
'distributors,  and  users  have  approved.  Although 
the  practice  of  double-end  trimming  lumber  to 
exact  length  improves  its  appearance,  facilitates 
car  loading,  and  saves  labor  on  the  job,  (as  in 

*Cahal,  R.  R.  1948.  Sawing  Practices  That  Pay. 
107  pp.  Southern  Pine  Inspection  Bureau.  New 
Orleans,  La. 

*  Koch,  Peter.  1948.  Plane  Talk  for  Better  Lumber. 
Wood  3(10) :26;  (11):34,  illus. 


the  case  of  studding),  it  is  opposed  by  many 
lumber  distributors  and  contractors. 

A  frequently  noted  difficulty  that  reduces  re¬ 
covery  value  in  the  planing  mill  concerns  trim¬ 
ming  behind  the  planer.  The  fast  trim  saws 
now  available  should  enable  a  trimmerman  to 
do  all  of  the  retrimming  required  for  maximum 
grade  recovery  if  he  is  allowed  to  concentrate 
on  trimming.  The  actual  pulling  may  be  done 
mechanically  in  order  to  eliminate  the  need  for 
an  extra  man. 

The  addition  of  end-matching  equipment  to 
a  planing  mill  offers  several  advantages  but 
relatively  few  fir  mills  have  installed  this  equip¬ 
ment.  End  matchers  permit  the  mill  to  market 
relatively  high-quality  shorts,  produced  from  re¬ 
trimming  long  lengths  of  lower  grade,  particu¬ 
larly  for  flooring.  Thus,  end-matched  flooring 
of  B  &  Btr  quality  can  be  produced  from  D  or 
E  grades.  At  present,  the  price  spread  between 
short,  end-matched  flooring  and  long  lengths 
of  comparable  grade  is  too  great  to  stimulate 
interest  in  end-matchers.  However,  this  price 
spread  should  decrease  with  increasing  use  of 
end-matched,  softwood  flooring.  Furthermore, 
once  a  mill  has  end-matching  equipment  it  may 
consider  up-grading  items,  such  as  drop  siding 
and  sheathing,  by  cutting  out  defects.  The 
short  lengths  produced  can  be  marketed  in  the 
same  way  as  end-matched  flooring. 

Car  Loading 

Quality  control  in  manufacture  should  ex¬ 
tend  through  the  final  handling  by  the  manu¬ 
facturer,  namely  car  loading.  A  few  Class  A 
fir  mills  take  ample  precautions  to  assure  that 
their  lumber  will  be  clean  and  dry  when  it 
reaches  the  buyer.  Furthermore,  these  mills 
take  care  to  stack  the  lumber  to  facilitate  un- 
lojiding.  A  recent  compilation  of  buyers’  com¬ 
ments  regarding  western  mill  service  reveals 
that  poor  car  loading  is  one  of  the  most  com¬ 
mon  causes  of  customer  dissatisfaction. 

General  Considerations  in  Manufacture 
Log  Barking 

Class  A  fir  mills  are  giving  serious  consid¬ 
eration  to  the  matter  of  barking  sawlogs  before 
they  enter  the  mill  although  only  one  mill  has 
adopted  the  practice.  Many  sawmill  operators 
are  weighing  the  performance  of  barkers  under 
test,  or  in  use  at  pulp  mills. 
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The  advantages  claimed  for  barking  sawlogs 
include:  (1)  greater  cleanliness  in  the  mill  and 
a  reduction  of  lost  time  due  to  bark  catching 
in  live  rolls  or  transfer  chains;  (2)  easier  in¬ 
spection  of  the  log  by  the  head  sawyer,  and  of 
slabs  by  edegrmen,  resawyers  and  trimmerman; 
(3)  improved  opportunities  to  utilize  slabs, 
edgings  and  trimmings  for  pulp  chips  or  other 
by-products  due  to  the  absence  of  bark.  These 
advantages  add  up  to  increased  production,  re¬ 
duced  losses,  and  higher  grade  recovery.  They 
appear  certain  to  lead  to  barking  installations 
at  many  large  fir  mills  within  the  next  few 
years. 

Quality  Versus  Quantity  Production 

All  sawmills  are  production  plants  striving 
to  maintain  a  certain  quantity  of  output;  most 
Class  A  fir  mills  have  found  that  quality  is 
equally  important.  However,  quantity  of  output 
receives  more  emphasis.  For  example,  the  mill 
crew  is  aware  each  day  of  how  much  log  scale 
was  cut  and  competition  between  a  night  crew 
and  a  day  crew  may  be  fostered  by  posting 
production  figtires  for  each  shift. 

It  might  be  asked,  "How  many  mill  workers 
know  the  grade  recovery  or  lumber  value  for 
each  day  or  week?”  For  example,  the  head 
sawyer  has  a  ready  yardstick  of  quantity  produc¬ 
tion  in  the  daily  deck  scale  of  logs,  but  he 
seldom  has  an  accurate  measure  of  quality  pro¬ 
duction. 

The  managers  of  two  fir  mills  no  longer 
keep  a  deck  scale.  They  consider  that  a  deck 
scale  is  not  only  unnecessary  but  that  it  places 
undue  emphasis  on  quantity  at  the  expense  of 
quality.  Although  lumber  recovery  values  will 
vary  with  log  supply,  a  daily  or  weekly  sum¬ 
mary  of  recovery  values  would  stimulate  in¬ 
terest  in  the  importance  of  quality. 

Maintenance  of  Employee  Morale 

In  addition  to  stressing  the  importance  of 
quality  production,  mill  managers  should  strive 
to  maintain  good  morale  among  employees. 
Even  experienced  and  capable  employees  fail 
to  do  their  best  work  if  management  shows 
little  interest  in  their  welfare.  Mill  managers 
can  reveal  their  genuine  interest  in  quality  of 
output  not  only  by  instructions  and  reports  of 
results,  but  by  making  improvements  that  will 
facilitate  quality  production. 


Good  mill  lighting  is  one  example  of  an  im¬ 
provement  that  proves  management’s  interest 
in  quality  production  and  in  better  all  around 
working  conditions.  Benson  and  Meador,®  list 
the  following  benefits  of  good  mill  lighting: 

1.  Greater  accuracy  is  obtained  in  sawing, 
edging  and  trimming. 

2.  Production  is  materially  increased  since 
eye  fatigue  is  reduced  and  time  for  seeing 
is  also  reduced. 

3.  Mill  cleaning  is  facilitated  and  the  tend¬ 
ency  of  employees  to  be  careless  and  in¬ 
different  to  their  surroundings  is  de¬ 
creased. 

4.  Fire  insurance  rates  are  reduced. 

5.  Employee  morale  is  improved  with  a  con¬ 
sequent  reduction  in  labor  turnover. 

6.  Proper  seeing  conditions  help  to  prevent 
accidents  and  also  aid  in  removing  poten¬ 
tial  causes  of  accidents. 

The  first,  third,  and  fifth  points  are  significant 
in  respect  to  quality  control.  The  provision  of 
walls  or  doors  to  cut  off  cold  winds  in  the 
planing  mill;  of  heat  in  such  spots  as  the  trim- 
merman’s  booth;  and  of  partitions  to  confine 
machine  noises  should  have  a  beneficial  effect 
on  quality  and  could  lead  to  higher  profit  mar¬ 
gins  in  the  long  run.  Such  improvements  as 
these  would  reduce  labor  turnover  and  conse¬ 
quently  the  loss  of  quality  attributable  to  in¬ 
experienced  or  new  employees. 

Product  Improvement 

A  few  Class  A  fir  mills  give  major  attention 
to  product  improvement,  serving  as  leaders  for 
the  industry,  but  in  general,  the  lumber  indus¬ 
try  has  sorely  neglected  this  important  phase 
of  quality  control.  It  is  necessary  to  spend  time 
and  money  to  develop  improvements  in  prod¬ 
ucts.  It  is  equally  necessary  to  create  consumer 
demand  for  these  improved  products  through  a 
sales  promotional  program.  The  lumber  indus¬ 
try  devotes  only  a  fraction  of  the  time  and 
money  that  competing  manufacturers  spend  on 
these  important  phases  of  quality  control.  While 
progressive  lumber  manufacturers  may  spend 
one-half  cent  per  sales  dollar  for  the  above 
purposes,  a  manufacturer  of  insulating  board 


®  Benson,  Donald  and  Meador,  Dean.  1949.  Saw¬ 
mill  Lighting  Survey.  Timberman  50(6) : 54-57,  illus. 
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or  plaster  board  may  spend  as  much  as  10  cents 
per  sales  dollar  on  development  work  and  sales 
promotion. 

The  Weyerhaeuser  Timber  Company  initiated 
the  most  auspicious  product  improvement  in 
lumber  items  with  its  4-Square  program  in  the 
1930’s.  A  nation-wide  promotional  effort  was 
launched  to  create  consumer  demand  for  this 
carefully  manufactured  lumber.  The  chief  ob¬ 
stacle  to  the  expansion  of  this  program  was  the 
unwillingness  of  buyers  to  pay  a  higher  price 
for  this  better-manufactured  lumber.  Even  the 
largest  manufacturer  of  west  coast  woods  ac¬ 
counted  for  such  a  small  percentage  of  the  re¬ 
gional  production  that  its  efforts  alone  were 
slow  to  take  effect.  The  wartime  situation  in¬ 
terrupted  the  4-Square  program  to  such  an  ex¬ 
tent  that  it  still  is  difficult  to  judge  its  ultimate 
effect  on  the  industry. 

The  West  Coast  Lumbermen’s  Association, 
which  derives  a  large  share  of  its  income  from 
the  Class  A  fir  mills,  is  doing  an  increasingly 
good  job  of  trade  promotion  with  funds  avail¬ 
able.  However,  this  effort,  combined  with  those 
of  other  manufacturer’s  associations  and  those 
of  a  relative  few  individual  mills,  is  not  enough 
in  the  face  of  promotional  programs  for  com¬ 
peting  materials. 

Research  and  development  work  on  product 
improvement  and  new  products  for  the  lumber 
industry  is  expanding  slowly.  Agencies  such  as 
the  U.  S.  Forest  Products  Laboratory  at  Madi¬ 
son,  the  Oregon  Forest  Products  Laboratory,  the 


Western  Pine  Laboratory  and  others  are  ready 
to  assist  the  efforts  of  individual  mills  with 
studies  on  drying,  machining,  gluing  and  test¬ 
ing.  Equipment  manufacturers  contribute  a  fair 
share  to  product  improvement  with  machines 
of  better  design  and  improved  performance. 
But,  in  the  final  analysis,  it  is  up  to  the  mill 
itself  to  take  a  sustained  interest  in  product 
improvement,  to  be  alert  to  opportunities,  and 
to  be  willing  to  invest  funds  and  time  in  put¬ 
ting  an  improvement  on  a  paying  basis.  Too 
many  mills  have  a  limited  or  uncertain  future 
and  adopt  the  attitude,  "Let  Joe  do  it.” 

One  hope  for  improvement  lies  in  the  field 
of  specialty  manufacture.  Many  Class  A  fir 
mills  have  undertaken  or  contemplate  the  manu¬ 
facture  of  specialty  products  such  as  insulating 
board,  hardboard,  plyw'ood,  doors,  furniture  or 
furniture  stock.  Upon  entering  these  fields,  the 
mills  find  that  more  rigid  quality  control  and 
more  vigorous  merchandising  are  required. 
Once  the  mills  have  learned  this  lesson,  they 
are  apt  to  take  a  more  enlightened  view  of  qual¬ 
ity  control  in  lumber  manufacture. 

Furthermore,  an  increasing  number  of  spe¬ 
cialty  products  are  produced  from  slabwood, 
bark,  shavings  or  other  sawmill  surpluses  that 
bring  small  or  no  financial  returns  to  the  mills. 
Higher-valued  uses  of  these  materials  eventually 
will  provide  greater  profit  from  each  M  board 
feet  of  logs  and  permit  enterprising  lumber 
manufacturers  to  further  improve  their  process¬ 
ing  and  utilization. 


Discussion 

Mr.  E.  IF.  Ne/ls  (J.  Neils  Lumber  Co.): 
Are  the  barkers  now  in  operation  hydraulic  or 
mechanical? 

Mr.  Grantham:  The  one  now  in  operation  is 
a  hydraulic  barker,  but  at  least  one  mechanical 
barker  is  under  test. 

Mr.  A.  I.  Stuart  (Industrial  Engineer,  Port¬ 
land)  :  Will  you  explain  the  terminology  used? 
Why  associate  lumber  yield  with  quality  con¬ 
trol  ? 

Mr.  Grantham:  I  have  used  the  term  quality 
control  as  applied  to  lumber  manufacture  in  a 
very  broad  sense  —  to  obtain  the  maximum 
value  from  each  log  cut.  Maximum  value  re¬ 
covery  requires  a  good  quantity  yield  as  well 


as  obtaining  the  highest  grades  or  quality.  At 
times  quality  is  sacrificed  for  quantity  produc¬ 
tion  but  often  attention  to  quality  will  mean 
higher  quantity  recovery,  also  as  in  the  case  of 
cutting  thin  slabs,  resawing  maintaining  good 
saw  alignment,  etc. 

Mr.  L.  A.  Nelson  (The  Timberman) :  Mills 
may  cut  for  quality  or  for  quantity.  A  mill 
should  cut  as  rapidly  as  possible  consistent  with 
quality  recovery  and  do  it  with  a  minimum  of 
waste. 

Mr.  R.  Schlietve  (Weyerhaeuser  Timber 
Company) :  In  analyzing  the  performance  of 
our  barker  we  found  that  hydraulic  barking  in¬ 
creases  the  lumber  yield.  Our  barker  has  an 
oscillating  nozzle  and  the  log  is  moved  on 
trunions. 
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Mr.  C.  Y.  Robson  (Bloedel,  Stewart  & 
Welch,  Ltd.) :  Our  company  has  developed 
and  is  using  successfully  a  ring  type  hydraulic 
log  barker.  We  have  two  installations,  one  of 
36-in.  diameter  for  small  logs  and  one  of  60-in. 
diameter  for  larger  logs.  The  logs  pass  through 
a  drum-like  housing  with  rotating  nozzles  in 
sealed  rings,  bringing  water  pressures  of  up  to 
1250  psi.  against  the  bark  on  the  log  traveling 
through.  Our  pulp  mill  is  located  half  a  mile 
from  our  Port  Alberni  sawmill,  and  the  de¬ 
barked  slabs  go  through  the  normal  chipping 
and  screening  process  direct  to  the  pulp  mill. 
The  debarking  process  has:  (1)  Greatly  in¬ 
creased  chip  recovery  from  wood  waste;  (2) 
Improved  sawmill  efficiency  through  giving  a 
clean  log  to  work  on  in  the  sawmill  manufac¬ 
turing  process.  Direct  benefits  here  include 
better  opportunity  for  analysis  of  log  defects 
by  the  sawyer,  and  consequent  ability  to  make 
the  most  of  grades;  and  longer  saw  life,  with 
reduced  lost  time  from  saw  changes  caused  by 
striking  gravel  or  foreign  matter  imbedded  in 
the  bark. 


Mr.  Grantham:  Do  you  know  of  any  mills 
that  have  abolished  the  deck  scale  for  logs  and 
rely  on  some  other  measure  of  production  that 
will  reflect  quality  recovery? 

Mr.  Nelson:  Some  mills  rely  on  the  Woods 
Scale  rather  than  a  deck  scale,  but  most  mills 
must  keep  a  deck  scale.  Many  mills  summarize 
grade  recovery  monthly.  It  is  time  consuming 
and  difficult  to  summarize  grade  recovery  at 
shorter  intervals.  There  should  be  more  atten¬ 
tion  to  grading  throughout  the  mill.  Too  few 
millworkers  have  a  knowledge  of  grading 
which  is  prerequisite  to  cutting  for  quality. 

Mr.  C.  M.  Brink  (Pacific  Manufacturing 
Company) :  No  mention  has  been  made  of 
warp  or  flatness  to  be  expected  in  Douglas  fir 
shop  lumber.  How  is  this  considered  in 
grading  ? 

Air.  Nelson:  Although  not  mentioned  spe¬ 
cifically  in  the  grading  rules,  it  is  understood 
that  the  cuttings  must  lie  flat. 
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Statistical  quality  control  methods  which  have  been  used  successfully  in  many  industries  have  been  adapted 
to  the  problems  of  quality  control  in  the  manufacture  of  hardwood  plywood.  The  proper  use  of  the  control 
chart  technique  Movides  the  prcxluaion  manager  with  a  useful  tool  for  improving  plywood  quality  and 
increasing  the  uniformity  of  the  product.  The  use  of  statistical  quality  control  methods  can  also  assist  in  the 
reduaion  in  waste  and  degrade. 


Introduction 

NT  BREST  in  improving  the  quality  of  hard¬ 
wood  plywood  has  been  increasing  during 
recent  years.  Evidence  of  the  fact  is  the  de¬ 
velopment  during  the  last  three  years  of  an 
active  quality  control  program  by  the  Southern 
Plywood  Manufacturers  Association.^  This  pro¬ 
gram  includes  a  laboratory  plywood  testing  pro¬ 
gram,  sponsorship  of  a  gluing  clinic  and  opera¬ 
tion  of  an  industry  wide  grading  school  for  the 
training  of  plywood  graders.  Further  indica¬ 
tions  of  an  increased  interest  in  quality  on  the 
part  of  hardwood  plywood  manufacturers  is 
the  action  of  the  Hardwood  Plywood  Institute 
and  the  Southern  Plywood  Manufacturers  Asso¬ 
ciation  in  promoting  improvement  in  the  grade 
and  glue  line  requirements  of  the  hardwood 
commercial  standard  in  recent  revisions. 

This  interest  in  improving  the  quality  of  the 
final  product  has  quite  naturally  led  to  an  active 
interest  on  the  part  of  manufacturers  in  im¬ 
proving  the  manufacturing  process  and  in  con¬ 
trol  over  the  quality  of  the  materials  entering 
into  it.  It  has  been  well  established  that  quality 
control  in  plywood  manufacture  cannot  be 
accomplished  simply  through  inspection  of  the 
final  product  but  must  be  devoted  to  control 
of  the  entire  production  operation.  The  quality 
control  procedure  normally  includes  the  two 
functions  of  testing  and  inspection.  The  test¬ 
ing  function  is  a  laboratory  job  which  will  in¬ 
clude  testing  the  quality  of  the  glue  bond  and 
may  include  tests  for  veneer  moisture  content, 
glue  quality  and  other  similar  items.  The  in- 

^  Bethel,  J.  S.  Quality  control  in  producing  hard¬ 
wood  plywood.  Southern  Lumberman,  April  1,  1950. 


spection  function  involves  examining  materials 
and  processes  to  insure  that  they  conform  to 
established  quality  standards.  At  the  green  end, 
inspection  would  include  examination  of  veneer 
for  smoothness  of  cut  and  accuracy  and  uni¬ 
formity  of  thickness.  The  drying  operation 
would  be  checked  for  proper  and  uniform 
veneer  moisture  content.  Green  and  dry  clip¬ 
ping  operations  would  be  inspected  to  insure 
that  dimensions  were  correct  and  that  veneer 
was  cut  square.  Taping  and  splicing  operations 
must  be  inspected  for  quality  of  joints.  In  the 
glue  room,  inspection  would  cover  glue  mix 
and  spread,  lay  up,  press  operation,  time- 
temperature  curing  cycles  and  conditioning  and 
hot  stacking.  The  finishing  inspection  will  in¬ 
clude  checking  the  finished  panel  for  grade, 
size  and  thickness,  squareness  and  sanding. 

It  is  obviously  uneconomic  and  unnecessary 
to  make  all  of  these  inspections  by  quality  con¬ 
trol  personnel  continuously.  Inspection,  there 
fore,  must  be  essentially  a  sampling  process  and 
it  is  always  a  quality  control  problem  to  deter¬ 
mine  how  intensive  this  sampling  should  be. 
If  it  is  too  intensive,  inspection  costs  will  be 
excessive.  If  it  is  too  cursory,  control  will  not 
be  maintained. 

Advent  of  Statistical  Methods 

The  search  for  methods  which  could  be  used 
to  produce  hardwood  plywood  has  led  in  sev¬ 
eral  instances  to  the  adaptation  to  plywood 
manufacture,  of  statistical  quality  control  meth¬ 
ods  which  have  proved  valuable  over  a  period 
of  years  to  quality  control  engineers  in  other 
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industries.*  Preliminary  exploration  suggests 
that  many  of  these  methods  are  useful  tools  for 
the  improvement  of  average  quality  and  uni¬ 
formity  in  quality.  In  addition  these  quality 
control  tools  give  high  promise  of  pointing  the 
way  to  reduction  in  costs  through  savings  in 
labor  and  materials.  They  provide  methods  of 
determining  the  proper  level  of  inspection  re¬ 
quired  to  control  quality  without  conducting 
expensive  over-inspection. 

It  is  not  the  purpose  of  this  paper  to  cover 
all  of  the  elements  of  hardwood  plywood  manu¬ 
facture  which  are  susceptible  to  statistical  quality 
control  nor  to  attempt  to  include  all  of  the  sta¬ 
tistical  treatments  which  can  be  used  in  such 
control.  There  are  ample  data  published  cover¬ 
ing  adaptations  of  the  various  quality  control 
techniques  to  a  wide  variety  of  production 
problems  which  are  available  to  plywood  plant 
management  interested  in  the  use  of  this 
tool.*  ^  *  It  is  the  object  of  this  paper  to  exam¬ 
ine  the  application  of  some  statistical  quality 
control  techniques  to  a  few  specific  problems 
as  an  indication  of  the  way  in  which  the  method 
can  be  used. 

Statistical  Method  in  Controlling  Veneer  . 

Moisture  Content 

One  of  the  critical  problems  continuously 
faced  by  plywood  manufacturers  is  that  of  main¬ 
taining  adequate  control  over  the  moisture  con¬ 
tent  of  the  veneer  going  into  the  product.  The 
moisture  content  selected  as  the  target  of  the 
drying  process  will  depend  upon  the  equilib¬ 
rium  moisture  content  conditions  in  the  plant, 
the  E.  M.  C.  conditions  expected  in  subsequent 
storage  and  use,  the  veneer  moisture  content 
requirements  of  the  adhesive  being  used  and 
on  other  factors.  The  range  of  moisture  con¬ 
tents  above  and  below  the  target  moisture  con¬ 
tent  which  can  be  allowed  will  depend  upon 
such  factors  as  the  seriousness  of  warp  as  a  de¬ 
fect  in  the  final  panel,  how  critical  are  the 
working  properties  of  the  adhesive,  what  de¬ 
gree  of  moisture  resistance  is  required  of  the 
finished  panel  and  other  similar  items.  For  any 

*  Ferris,  D.  W.  Statistical  controls  for  dimension 
materials.  Wood,  August  1947.- 

*  Ferris,  D.  W.  Quality  control  formulas,  tables, 
and  processes  in  manufacturing  veneer.  National 
Hardwood  Magazine,  September  1947. 

*  Grant,  E.  L.  1946.  Statistical  quality  control. 
McGraw-Hill,  New  York. 


veneer  drying  operation  there  are  limits  to  the 
variation  in  moisture  content  which  can  be  per¬ 
mitted  if  production  is  to  be  efficient,  if  the 
number  of_  rejects  kept  within  reasonable  limits  ) 

and  if  the  final  product  is  to  meet  the  appro¬ 
priate  specification  requirements.  Regardless  of 
whether  these  limits  are  precisely  known  or 
measured  they  nevertheless  exist. 

When  it  is  desired  to  exercise  control  over 
the  veneer  drying  process  the  Shewhart^  con¬ 
trol  chart  method  of  statistical  quality  control 
is  a  useful  management  tool.  The  use  of  the 
control  chart  will  not  in  itself  result  in  control 
of  the  quality  of  the  veneer  drying  operation 
but  it  will  give  the  production  manager  a  basis 
for  determining  whether  his  drying  operation 
is  under  control,  and  if  not  it  will  provide  him 
with  clues  as  to  the  actions  which  can  be  taken 
to  bring  about  control.  Further  it  will  tell  him 
whether  the  process  is  sufficiently  accurate  to 
provide  him  with  an  acceptable  product  even 
when  statistical  control  is  present.  Ferris*  has 
described  an  application  of  the  Shewhart  control 
chart  to  veneer  drying  operations.  Fig.  1  illus- 

®  Rietz,  R.  C.  1947.  Method  for  controlling  the 
moisture  content  of  wood  going  into  furniture  pro¬ 
duction.  U.  S.  Forest  Products  Laboratory  Report 
R  1685. 


Fig.  1. — X  and  R  charts  for  red  gum  veneer  A-inch 
thick  dried  in  commercial  veneer  drier. 
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trates  a  portion  of  a  control  chart  prepared  ac¬ 
cording  to  Grant^  for  average  X  and  Range  R 
for  a  veneer  drying  operation  on  1/10-in.  red 
gum  veneer.  The  X  chart  shows  the  hourly 
moisture  content  values  plotted.  Each  sample 
consists  of  the  average  of  four  moisture  con¬ 
tent  determinations  taken  at  random.  Moisture 
content  was  obtained  by  the  oven  method.  The 
center  horizontal  line  represents  the  average 
for  the  data  and  the  remaining  two  horizontal 
lines  represent  upper  and  lower  control  limits 
of  three  standard  deviations. 

At  the  time  these  charts  were  prepared  the 
manufacturer  was  attempting  to  obtain  a  ten 
percent  moisture  content.  A  urea-resin  glue  was 
being  used  whose  veneer  moisture  tolerance 
limits  according  to  the  glue  manufacturer  was 
between  5  percent  and  15  percent.  Examination 
of  this  control  chart  reveals  several  interesting 
facts  concerning  the  veneer  drying  process. 
The  points  falling  outside  of  the  control  limits 
suggest  that  the  process  is  out  of  control*  and 
that  there  are  assignable  causes  for  the  excess 
variation  in  the  average  and  range  that  can  be 
determined  and  corrected.  It  will  also  be  noted 
that  the  average  X  of  the  X’s  has  a  value  of 
12.28  percent  moisture  content  instead  of  the 
10  percent  target  moisture  content.  Further,  an 
examination  of  the  upper  and  lower  control 
limits  on  the  X  chart  reveals  that  they  are  far 
outside  the  5  percent  and  15  percent  require¬ 
ments  of  the  glue  manufacturer’s  specification. 

Application  of  the  Charted  Data 

There  are  several  possible  courses  of  action 
suggested  by  this  control  chart.  The  assignable 
causes  for  the  excess  variation  indicated  by  the 
points  lying  beyond  the  control  limits  may  be 
searched  for  and  identified  and  corrective  action 
taken  to  bring  the  process  into  control.  The 
operation  of  the  drier  may  be  altered  slightly 
in  the  direction  of  slower  average  speed  or 


*  Actually  a  valid  determination  that  the  process 
was  out  of  control  would  require  that  the  control 
limits  be  based  upon  more  than  32  sub-groups,  how¬ 
ever,  the  principle  is  correct  and  as  the  system  is 
extended  to  include  more  sub-groups  confidence  in 
the  control  limits  can  be  increased.  In  addition  the 
validity  of  the  initial  control  limits  based  upon  data 
which  exhibits  apparent  lack  of  control  may  also  be 
questioned.  In  practice  new  control  limits  would  be 
calculated  as  additional  data  became  available. 


higher  average  temperature  to  bring  the  X 
closer  to  10  percent  moisture  content.  While 
these  two  actions  should  improve  the  drying 
process  and  bring  it  into  control  they  cannot 
reasonably  be  expected  to  bring  about  a  change 
in  the  position  of  the  control  limits  such  that 
they  would  fall  within  the  specification  limits 
of  5  percent  and  15  percent.  Improvement  in 
that  direction  would  likely  to  be  obtained  only 
by  making  some  fundamental  changes  in  the 
drying  process  which  would  make  it  more 
accurate.  In.  the  case  in  question  it  was  felt 
necessary  to  attempt  to  improve  the  process  in 
all  three  directions.  That  is  to  bring  it  into  con¬ 
trol,  move  the  X  nearer  to  10  and  improve  the 
basic  process  to  bring  the  control  limits  within 
the  specification  limits. 

A  study  of  the  drying  process  revealed  sev¬ 
eral  major  sources  of  variation.  The  drier  op¬ 
erators  were  paying  little  attention  to  the  estab¬ 
lished  drying  schedules.  They  were  operating 
the  drier  from  the  dry  end  by  checking  the 
moisture  content  of  the  veneer  with  a  moisture 
meter  and  then  making  an  adjustment  in  the 
drier  speed  or  temperature  on  the  basis  of  this 
check.  In  addition,  the  steam  pressure  being 
maintained  was  quite  variable  and  the  drier 
operators  were  frequently  trying  to  control  drier 
temperature  at  a  point  above  that  which  the 
available  steam  pressure  could  consistently  pro¬ 
vide.  As  a  result  there  was  no  uniformity  in 
drier  operation  and  often  changes  were  made 
so  frequently  that  it  was  impossible  to  deter¬ 
mine  without  tagging  it  how  long  a  given  piece 
of  veneer  was  in  the  drier  or  on  what  tempera¬ 
ture  schedule  it  was  dried.  It  was  also  observed 
that  the  thickness  of  the  veneer  varied  consid¬ 
erably  around  the  nominal  1/ 10-in.  thickness 
thus  resulting  in  a  population  of  veneers  with 
a  wide  range  of  drying  rates  based  upon  thick¬ 
ness.  Heartwood  was  not  being  dried  sepa¬ 
rately  from  the  sapwood,  although  red  gum 
heartwood  and  sapwood  have  quite  different 
drying  rates. 

The  following  action  was  taken: 

1.  Drying  schedules  were  revised  by  means 
of  laboratory  experiments  and  the  drier 
operators  were  required  to  adhere  to  them. 
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2.  An  effort  was  directed  at  the  maintenance 
of  more  uniform  steam  pressure  and  drier 
operators  were  instructed  to  set  tempera¬ 
ture  controls  at  a  point  where  the  tem¬ 
peratures  could  be  maintained  at  a  con¬ 
stant. 

3.  Action  was  taken  at  the  green  end  to  im¬ 
prove  the  uniformity  of  veneer  thickness. 

4.  Heartwood  and  sapwood  were  separated 
at  the  green  end  and  dried  to  separate 
drying  schedules. 

Fig.  2  illustrates  a  portion  of  a  control  chart 
representing  drying  obtained  after  the  actions 
listed  above  had  been  taken.  It  will  be  noted 
that  the  process  exhibits  statistical  control  and 


was  thought  to  be  responsible,  had  virtually 
been  eliminated.  The  time  elapsed  since  the 
change  in  drying  process  was  not  felt  to  have 
been  sufficient  for  the  full  benefits  of  this 
change  to  have  accrued  and  have  been  reflected 
in  the  control  chart.  To  have  further  refined 
the  drying  process  would  have  meant  making 
major  changes  in  the  drying  equipment.  The 
advantages  to  be  gained  by  this  additional  re¬ 
finement  in  drying  operation  could  not  justify 
the  cost.  In  fact  control  charts  resulting  from 
data  subsequently  collected  confirmed  the  wis¬ 
dom  of  this  decision  when  control  limits  fell 
within  specification  limits. 

Fig.  3  illustrates  a  control  chart  obtained  for 
a  drying  operation  on  Yg-in.  red  gum  veneer 


UPPER  control  limit  _ 

**  _ 

lqvher  control  limit  _  3  60- 

2*5  30  55 
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Fig.  2. — X  and  R  charts  for  red  gum  veneer  A -inch 
thick  dried  in  commercial  veneer  drier. 


Fig.  3. — X  and  R  charts  for  red  gum  veneer  i/g'inch 
thick  dried  in  commercial  veneer  drier. 


the  X  of  9.6  percent  is  very  close  to  the  target 
of  10  percent,  however,  the  control  limits  on 
the  X  chart  of  15.78  percent  and  3.60  percent 
are  still  somewhat  outside  of  the  5  percent  to 
15  percent  specified  by  the  glue  manufacturer. 
If  it  were  desired  to  again  take  action  to  im¬ 
prove  the  control  limits  another  refinement  in 
the  drying  process  would  be  indicated.  It  was 
decided  in  this  instance  not  to  take  further 
action  immediately  for  several  reasons.  First, 
gluing  rejections  which  had  previously  been 
high  and  for  which  non-uniform  veneer  drying 


which  was  being  used  in  the  production  of 
waterproof  plywood  bonded  with  a  phenol- 
formaldehyde  resin  adhesive.  The  veneer  mois¬ 
ture  content  tolerances  of  the  glue  as  specified 
by  the  manufacturer  were  between  4  percent 
and  8  percent.  This  process  indicates  statistical 
control.  The  glue  joints  being  obtained  were 
satisfactory  and  panel  warpage  was  not  exces¬ 
sive.  It  will  be  noted  that  the  X  was  substan¬ 
tially  below  the  specification  midpoint  of  6  per¬ 
cent  and  that  the  control  limits  about  X  ex¬ 
ceeded  those  specified  by  the  glue  supplier. 
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It  was  established  however,  that  if  the  target 
moisture  content  was  raised  to  6  percent  the 
spread  between  the  control  limits  would  be  in¬ 
creased  and  that  gluing  trouble  would  be  ex¬ 
perienced.  To  have  maintained  a  suitable  range 
around  a  target  moisture  content  of  6  percent 
would  have  required  the  major  changes  in 
process  noted  in  the  previous  paragraph.  Inas¬ 
much  as  the  panels  being  produced  were  con¬ 
sidered  satisfactory,  the  additional  costs  in¬ 
volved  in  further  refinement  of  the  process 
could  not  be  justified. 

This  illustrates  a  problem  that  frequently 
comes  up  when  quality  control  charts  are  being 
used.  The  process  may  be  brought  into  statis¬ 
tical  control  but  the  control  limits  may  exceed 
the  specification  limits.  When  this  happens  a 
decision  must  be  made  to  either  refine  the 
process  to  bring  the  control  limits  within  the 
specification  limits  or  to  re-examine  the  speci¬ 
fication  limits  with  the  object  of  determining 
whether  they  should  be  changed.  In  this  in¬ 
stance,  since  the  product  being  produced  was 
satisfactory  it  was  decided  that  the  specification 
limits  were  too  restrictive  and  should  be 
modified. 

These  examples,  were  presented  to  indicate 
the  way  in  which  the  Shewhart  quality  control 
chart  can  be  used  in  controlling  an  operation  in 
the  manufacture  of  hardwood  plywood.  It 
should  be  again  emphasized  that  use  of  this 
type  of  chart  does  not  guarantee  quality  con¬ 
trol.  It  serves  as  a  tool  which  the  production 
supervisor  can  use  to  determine  whether  his 
operation  is  in  control,  and  whether  the  control 
is  being  accomplished  within  acceptable  limits. 
It  can  furnish  him  with  a  guide  to  corrective 
action  if  it  is  indicated.  It  may  indicate  that 
excessive  variation  is  due  to  assignable  causes 
which  can  be  corrected  by  closer  supervision  of 
machine  operators  and  foremen  or  by  adjust¬ 
ment  or  repair  of  a  machine.  On  the  other 
hand  it  may  indicate  that  the  material  being 
processed  is  itself  so  variable  that  the  operation 
cannot  be  controlled  within  proper  limits,  or 
that  the  equipment  used  to  perform  the  opera¬ 
tion  may  not  be  basically  accurate  enough  to 
satisfy  specification  requirements.  When  the 
latter  two  cases  prove  to  be  true  no  amount  of 
closer  supervision  or  disciplinary  action  applied 
to  employees  is  likely  to  correct  the  difficulty. 
Either  the  specification  limits  must  be  changed 


to  accommodate  the  production  operation,  the 
basic  process  must  itself  be  improved  or  a  100 
percent  inspection  must  be  set  up  to  reject 
unsatisfactory  material. 

All  of  the  preceding  discussion  has  been 
based  upon  the  assumption  that  inspection 
processes  are  themselves  accurate.  It  is  obvious 
that  there  is  a  normal  variation  present  in  the 
inspection  process  just  as  in  the  manufacturing 
process.  This  is  provided  for  in  the  statistical 
techniques  used.  Mistakes  made  in  the  inspec¬ 
tion,  however,  may  result  in  charts  which  indi¬ 
cate  faults  in  the  production  process  when  they 
are  not  present.  And  even  more  insidiously 
they  may  result  in  charts  which  indicate  a  satis¬ 
factory  prtKess  when  in  fact  it  does  not  exist. 
It  should  be  axiomatic  that  before  any  action  is 
taken  on  indications  from  a  control  chart,  the 
inspection  operation  should  itself  be  checked 
to  insure  that  the  fault  does  not  lie  there. 

Controlling  Other  Operations 

There  are  many  operations  in  the  production 
of  hardwood  plywood  other  than  the  drying 
operation  to  which  the  Shewhart  control  chart 
for  average  and  range  can  be  admirably 
adapted.  A  few  examples  are: 

Controlling  the  thickness  of  veneer,  control 
of  dimensions  in  clipping,  control  of  glue 
spread,  control  of  glue  joint  quality,  control  of 
panel  dimensions  and  others. 

Not  all  of  the  possible  analyses  of  the  con¬ 
trol  chart  have  been  discussed.  In  addition  to 
the  indication  of  lack  of  control  resulting  from 
the  presence  of  points  outside  the  control  limits, 
lack  of  control  may  be  suggested  by  a  run  of 
points  within  control  limits  but  entirely  on  one 
side  of  the  line  of  X  or  R.  These  are  refine¬ 
ments  in  the  use  of  the  control  charts  which 
increase  their  use  and  which  can  be  developed 
further  after  the  system  has  been  put  into  use 
and  experience  with  it  has  been  obtained. 

One  service  which  the  properly  used  control 
chart  can  perform  for  the  production  super¬ 
visor  is  to  tell  him  when  a  process  or  operation 
is  in  control  and  should  be  let  alone.  The  ob¬ 
servation  was  previously  made  that  one  of  the 
assignable  causes  for  lack  of  control  in  the  dry¬ 
ing  operation  was  the  tendency  of  the  operator 
to  change  the  speed  and  temperature  setting  on 
the  drier  frequently.  This  is  a  common  fault  of 
operators  of  other  machines  such  as  lathes,  glue 
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spreaders,  sanders,  saws,  etc.  Every  production 
manager  is  familiar  with  the  operator  who 
can’t  let  his  machine  alone.  He  has  to  change 
its  set  up  constantly.  It  is  rare  when  a  properly 
built  and  maintained  machine  being  used  for 
the  purpose  for  which  it  was  designed  has  to 
have  constant  adjustment.  Most  frequently  such 
continuous  tinkering  is  actually  contributing  to 
greater  variation  in  quality  rather  than  less. 
The  control  chart  will  indicate  when  a  process 
is  in  control  and  can  be  used  by  supervisors  to 
eliminate  unnecessary  manipulation  of  machine 
set-ups. 

Another  type  of  quality  control  chart  which 
has  some  application  to  plywood  manufacture 
is  the  control  chart  for  attributes.  An  example 
of  such  a  chart  is  shown  in  Fig.  4.  This  type 


used,  control  of  the  thickness  was  extremely 
important.  The  plywood  was  required  to  con¬ 
form  to  a  thickness  tolerance  of  plus  or  minus 
a  sixty  fourth  of  an  inch.  Since  the  panel  was 
of  the  overlay  type  there  was  no  opportunity  to 
control  the  thickness  in  a  sanding  operation.  It 
had  to  be  manufactured  to  the  correct  thickness 
out  of  the  press.  Panels  were  checked  for  thick¬ 
ness  with  a  "go  and  no' go”  gauge  or  a  dial- 
snap  gauge  and  recorded  as  being  either  accept¬ 
able  or  rejectable. 

In  preparing  the  chart  the  20  sub-groups 
were  used  as  a  basis  for  establishing  the  orig¬ 
inal  control  limits.  It  will  be  noted  that  the 
control  limits  for  this  chart  are  irregular  in  con¬ 
trast  with  the  straight  lines  shown  in  the  X  and 
R  charts.  This  is  because  the  sub-groups  repre- 


SUB-GROUPS 

Fig.  4. — Control  chart  for  percent  defective  for  thickness  of  hardwood  overlay-faced  plywood. 


of  chart  may  be  used  to  control  processes  where 
the  inspection  is  not  for  a  measurement  but  for 
the  purpose  of  putting  the  item  inspected  in 
one  of  two  classes — acceptable  and  rejectable. 
These  charts  are  frequently  called  the  chart  for 
fraction  defective.  Ferris*  has  described  the  use 
of  the  chart  for  fraction  defective  to  control 
the  dimension  and  grade  of  hardwood  dimen¬ 
sion  stock.  The  chart  illustrated  in  Fig.  4  is  one 
applicable  to  the  control  of  thickness  of  fin¬ 
ished  plywood  panels.  Because  of  the  nature  of 
the  assembly  in  which  the  plywood  was  being 


sent  a  day’s  production  and  accordingly  the 
sub-group  sizes  are  variable.  If  the  sub-group 
size  were  a  constant,  the  control  limits  would 
be  straight  lines.  If  it  is  desirable  for  purposes 
of  simplicity  to  have  straight  control  limit  lines 
even  when  it  is  necessary  for  inspection  reasons 
to  have  variable  sized  sub-groups  there  are 
acceptable  techniques*  for  calculating  approxi¬ 
mate  straight  line  control  limits  although  such 
limits  are  not  as  precise  as  are  those  determined 
as  in  this  example.  The  points  falling  outside 
the  upper  control  limit  indicate  the  possibility 
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of  assignable  causes  for  panels  which  were  too 
thick  or  too  thin.  Those  falling  outside  the 
lower  control  limit  suggest  improper  inspection 
techniques.  The  out  of  control  points  above 
the  upper  limit  could  of  course  also  be  due  to 
inspection  faults.  The  action  indicated  by  this 
chart  is  to  complete  examination  of  the  process 
for  causes  of  excess  variation  and  a  study  of 
inspection  procedures  for  faulty  equipment  and 
techniques.  In  this  instance  it  was  found  that 
two  causes  for  excessive  variation  in  thickness 
were  too  much  variation  in  veneer  thickness 
and  the  use  of  the  same  pressure  in  hot  press¬ 
ing  woods  of  different  densities.  Examination 
of  the  inspection  processes  revealed  careless  use 
of  gauges,  and  a  worn  "go  and  no  go”  gauge 
which  was  allowing  excessively  thick  panels  to 
pass. 

The  portion  of  the  chart  for  the  second 
group  of  12  sub-groups  shows  the  process  in 
control  after  corrective  action  was  taken.  The 
same  control  limits  are  used  for  evaluating  the 
process.  The  final  fourteen  sub-groups  show  a 
continuation  of  the  process  in  control.  New 
control  limits  were  calculated  from  data  col¬ 


Discussion 

Mr.  Jack  B.  Cunningham  (Woodwelding, 
Inc.):  During  World  War  II  considerable 
trouble  was  encountered  in  using  hardwood 
plywood  due  to  failures  in  bonding  particularly 
when  Tego  film  glue  was  used.  Do  you  feel 
that  statistical  quality  controls  could  have 
avoided  some  of  this  trouble.^ 

Mr.  Carter:  War  time  wood  inspection  pro¬ 
cedures  and  plywood  manufacturing  inspection 
were  sadly  lacking  in  statistical  quality  control. 
As  a  result  tolerances  in  inspection  were  vari¬ 
able  between  plants  and  between  inspectors. 
Statistical  control  could  have  established  the 
limits  for  manufacturing  and  inspection.  When 
out  of  control  or  near  the  border  line  inspec¬ 
tion  could  look  for  assignable  causes  rather 
than  merely  rejection. 

Veneer  to  be  glued  with  Tego  film  should 
have  rather  narrow  moisture  content  limits,  of 
around  8  to  12  percent.  It  is  practically  impos¬ 
sible  to  meet  this  limitation  with  present  veneer 
drying  equipment  and  drying  procedures.  Other 
factors  such  as  thickness  of  veneers,  pressure, 
press  platen  uniformity  and  glue  curing  opera¬ 


lected  while  the  process  was  in  control  but  they 
are  not  too  different  from  the  original  limits. 
Generally,  this  type  of  control  chart  has  fewer 
applications  to  plywood  operations  than  does 
the  chart  for  X  and  R. 

No  attempt  has  been  made  to  cover  in  detail 
the  techniques  of  preparing  quality’  control 
charts.  There  are  ample  references  available 
covering  these  methods  and  the  statistical 
theory  upon  which  they  are  based.  Methods 
of  utilizing  the  charts  for  analysis  of  a  few 
plywood  production  operations  have  been  illus¬ 
trated.  There  are  many  additional  adaptations 
that  can  be  made.  In  addition  to  furnishing  the 
production  supervisor  with  a  measure  of  his 
success  in  controlling  quality  and  with  clues  to 
the  source  of  extraneous  variation  in  quality 
when  it  exists,  the  proper  use  of  statistical  qual¬ 
ity  control  methods  can  be  expected  to  con¬ 
tribute  to  lower  costs  through  reduction  in 
waste  and  down  graded  panels.  With  emphasis 
by  manufacturers  on  improvement  in  the  qual¬ 
ity  of  hardwood  plywood,  statistical  quality 
control  techniques  should  prove  increasingly 
useful  tools. 


tions  enter  into  plywood  quality.  All  of  these 
factors  can  be  subjected  to  statistical  quality 
control  treatment.  If  such  a  technique  had  been 
used  I  feel  confident  that  plywood  rejections 
would  have  been  materially  reduced. 

Mr.  C.  F.  Van  Epps  (Stromberg-Carlson 
Company) :  Perhaps  the  prime  advantage  of 
Tego  is  that  it  adds  no  moisture  to  two  sheets 
of  veneer  when  bonding  them  together  thus 
being  particularly  adaptable  for  thin  veneers 
and  for  fancy  faces.  In  fact,  it  is  widely  used 
in  two  plying  fancy  faces  for  this  reason.  The 
chief  difficulty  in  handling  Tego  film  arises 
from  something  Roy  Carter  mentioned,  the 
close  control  of  veneer  moisture  content  neces¬ 
sary.  If  too  much  moisture  is  used,  excessive 
flow  occurs  and  a  starved  joint  results.  If  too 
little  moisture  is  used,  no  flow  and  no  penetra¬ 
tion  occurs.  It  is  best  to  operate  closely  within 
the  manufacturers  recommendations  for  mois¬ 
ture  content. 

Mr.  Charles  Latimer  (Nickey  Brothers) :  It 
should  be  pointed  out  that  a  process  such  as 
veneer  drying  may  or  may  not  exhibit  a  state 
of  control  depending  upon  the  method  of  sam- 
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pling.  Samples  may  be  taken  in  such  a  way  that  operation,  assuming  that  the  glue  itself  is  good, 
a  relatively  large  range  is  obtained  with  conse-  is  largely  a  problem  of  controlling  the  oper- 
quently  wide  limits  or  samples  may  be  taken  ating  variables  which  influence  glue  line  quality 
so  that  a  relatively  small  range  is  obtained  with  such  as  temperature  of  veneer,  moisture  content 
narrow  limits  which  may  show  a  lack  of  con-  of  veneer,  pressing  temperature,  time  under 
trol.  The  important  thing  is  to  use  the  same  pressure,  pressure,  etc.  These  variables  are  sus- 
method  each  time  a  sample  is  taken.  ceptible  to  treatment  under  statistical  quality 

Mr.  Carter:  That  is  true.  The  samples  should  control  methods.  Also  the  results  of  perform- 

be  taken  in  such  a  way  so  as  to  maintain  the  ance  tests  on  the  glue  line  such  as  the  boil  and 

quality  desired  in  the  product  whether  low  or  shear  test  can  be  analyzed  through  the  use  of 

high.  Normally  wide  limits  give  quality  con-  ihe  control  chart.  Such  applications  should  have 

trol  for  a  lower  quality  product.  Narrow  limits  value  in  controlling  glue  line  quality, 
usually  results  in  higher  quality  end  products.  The  question  of  specification  clarity  is  an 
Mr.  Van  Epps:  Proper  quality  control  pre-  important  one  as  far  as  statistical  quality  con- 
supposes  the  proper  specifications  as  a  guide  trol  is  concerned.  Some  specification  require- 
for  manufacture  and  for  the  evaluation  of  a  ments  for  plywood  are  unrealistic  production- 
finished  product.  Proper  specification  simply  wise  and  frequently  they  are  also  unnecessary, 
means  that  the  idea  of  the  designer  and  the  One  important  function  which  statistical  qual- 
engineer  must  be  translated  in  readable  terms  *ty  control  techniques  can  frequently  perform 
to  the  production  people  who  fabricate  the  'S  to  demonstrate  factually  the  faults  in  speci- 
part,  and  to  the  inspection  people  who  pass  on  fications  and  provide  a  basis  for  their  correc- 
the  quality  of  the  item.  Usually  this  is  accom-  bon.  Such  specification  requirements  as  the 
plished  by  sample.  Where  specifications  are  grades  of  fancy  faces  mentioned  by  Mr.  Van 
used  a  distinct  attempt  should  be  made  to  refer  Epps  are  difficult  to  handle  from  a  statistical 
to  published  data  such  as  the  Commercial  standpoint  and  certainly  X  and  R  charts  which 
Standard  Specifications,  the  Mahogany  Book,  require  measurements  as  a  basis  are  probably 
governmental  specifications,  or  something  sim-  not  applicable.  A  chart  for  fraction  defective 
ilar  accepted  as  standard  terminology.  based  upon  inspectors  daily  reports  may  be  of 

Many  points  of  quality  control  cannot  be  value  both  to  inspection  and  production  per- 

stated  specifically  in  a  specification.  For  ex-  sonnel  in  dealing  with  problems  of  grade, 

ample.  Comb  Grain  Oak,  without  a  sample,  is  finishing,  etc. 

difficult  to  define  within  specification  limits.  Grant  states  that:  "a  control  chart  may  be 
The  brilliance  or  depth  of  color  in  a  finish  can-  .  thought  of  as  a  statistical  test  to  determine 

not  be  defined  without  a  sample  nor  can  an  whether  the  variation  from  sub-group  to  sub¬ 

actual  swirl  or  crotch  figure  be  defined  without  group  is  consistent  with  the  variation  within 
a  sample.  the  sub-groups”.  "If  it  is  desired  to  determine 

It  is  true^  also  that  many  of  our  quality  con-  whether  or  not  a  group  of  measurements  is  sta- 

trol  points  show  only  after  the  cabinet  is  com-  tistically  homogeneous  (i.e.  whether  they  appear 

pleted.  For  example,  surface  defects  may  show  to  come  from  a  constant  system  of  chance 
only  after  finishing,  a  specific  case  being  the  causes),  sub-groups  should  be  chosen  in  a  way 
penetration  of  synthetic  resin  glue  through  the  that  appears  likely  to  give  the  maximum  chance 
face  veneer,  detectable  only  by  ultra-violet  light  for  the  measurements  in  each  sub-group  to  be 
in  the  white,  but  very  prominent  after  staining  alike  and  the  maximum  chance  for  the  sub- 

and  completion  of  the  finish.  groups  to  diflPer  one  from  the  other”.  It  is  cer- 

Mr.  Carter:  The  problems  you  mention  are  tainly  true  that  sub-groups  should  be  selected 
universal  in  figured  face  veneered  panels.  Un-  ^be  same  manner  with  each  sample, 
doubtedly  more  investigation  is  needed  to  Mr.  R.  C.  Fraunberger  (PhilcoCotpomtion) : 
establish  assignable  controllable  causes  that  can  Quality  is  important  to  the  wood  industries, 
be  put  into  production.  Xhe  slogan,  "Famous  for  Quality  the  World 

Dr.  Bethel:  Referring  to  Mr.  Cunningham’s  Over”  is  a  goal  that  should  also  be  adopted 
question,  the  control  of  quality  in  a  gluing  by  many  other  woodworking  concerns. 
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A  survey  of  quality  control  in  Southeastern  United  States  furniture  i>lants  showed  that  there  was  consid¬ 
erable  variation  in  practices  and  room  for  improvement.  Proper  organization  for  quality  control,  written 
standards  of  quality,  and  effective  inspection  of  raw  materials,  ^rts  and  finished  products  mould  improve  the 
control  of  quality  in  many  plants.  The  relatively  new  technique  of  statistical  quality  control  appears  to  be  an 
outstanding  development  for  consistently  maintaining  conformance  to  the  quality  standards  of  a  furniture 
company. 


Introduction 

HE  purpose  of  this  paper  is  to  summarize 
the  existing  practices  which  control  the 
quality  of  furniture  being  produced  by 
factories  in  southeastern  United  States  and  to 
list  methods  for  improving  quality  control.  If 
furniture  produced  by  a  certain  factory  starts  to 
get  poorer  in  quality,  customers  will  refuse  to 
buy  the  product.  If  the  furniture  starts  to  get 
better  in  quality  than  planned,  the  factory  cost 
may  go  up  to  the  point  where  the  plant  loses 
money.  This  paper  will  be  limited  to  discus¬ 
sion  of  controlling  the  quality  of  wood  furni¬ 
ture  and  does  not  cover  upholstered  products. 

Defining  certain  terms  may  help  to  clarify 
the  subject  covered  in  this  paper.  Quality  as 
used  herein  does  not  signify  good,  bad,  high 
priced  or  low  priced  merchandise.  Quality  is 
defined  as  conformance  to  a  set  of  standards 
under  which  furniture  is  produced.  Quality 
Control  means  the  procedures  carried  out  by  a 
furniture  factory  in  order  to  produce  products 
that  conform  to  the  set  of  standards  applicable 
to  that  particular  factory.  Inspection  is  that 
phase  of  quality  control  consisting  of  examina¬ 
tion  of  raw  materials,  parts,  and  finished  prod¬ 
ucts  to  see  if  they  conform  to  the  standards  set 
up  and  the  acceptance  or  rejection  of  the  items 
examined. 

Statistical  Quality  Control  is  the  application 
of  statistical  and  engineering  analysis  tech¬ 
niques  to  the  control  of  the  quality  variables  in 
a  production  process.  The  word  statistics  has 
two  diflFerent  meanings.  When  used  as  a  plural 
noun,  it  refers  to  any  facts  stated  in  terms  of 


numbers.  As  used  in  reference  to  statistical 
quality  control,  statistics  is  a  singular  noun  and 
is  concerned  with  methods  by  which  useful 
conclusions  can  be  drawn  from  numerical  data. 
"Statistics  is  based  in  large  part  on  the  law  of 
large  numbers  and  the  mathematical  theory  of 
probability.”  This  paper  does  not  cover  the 
mathematical  background  or  the  details  of  in¬ 
stalling  statistical  quality  control  in  a  plant.  To 
help  explain  the  reasons  for  using  this  tech¬ 
nique,  its  use  is  developed  in  the  sections  of 
this  paper  covering  lumber  seasoning  and 
machining. 

Existing  Quality  Control  Practices 
in  Furniture  Plants 

In  order  to  determine  what  procedures  are 
now  being  used  to  control  quality,  question¬ 
naires  were  sent  out- in  March  1950  to  ninety 
furniture  plants  randomly  selected  from  the  list 
of  members  of  the  Southern  Furniture  Manu¬ 
facturers’  Association.  Replies  were  received 
from  fifty-three  companies  covering  high-, 
medium-  and  low-priced  furniture.  Fig.  1 
shows  a  copy  of  the  questionnaire  used  in  the 
survey.  This  has  been  filled  in  with  figures 
which  are  a  summary  of  the  plants  who  re¬ 
turned  the  questionnaire. 

The  summary  yields  some  interesting  infor¬ 
mation.  Some  plants  have  a  quality  control  de¬ 
partment,  others  do  not.  In  those  plants  having 
a  separate  department,  the  quality  control  head 
may  report  to  the  president,  general  manager, 
production  manager,  or  superintendent.  Incom¬ 
ing  materials  are  checked  by  various  depart¬ 
ments  and  a  few  plants  do  very  little  inspection 
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QUALITT  CONTROL  IN  FURNITURE  PLANTS 


QUESTIONNAIRE 

each  question  please  check  the  item  which  most  nearly  represents  the  condition 
your  plant* 

1,  Quality  Control  Department »  Do  You/ Have  -  (a)  Separate  Department  lo  , 


One  Man  in  Charge  13  >  No  Department  or  Man  in  Charge 

(b)  If  you  have  Q;uality  Control  Department,  Department  or  Man  Checks  All 


Incoming  Materials  jO  ,  lumber 


veneer 


,  glues 


btC- 


finishing  materials 


,  other  materials 


(c)  If  Quality  Control  Department  or  Man  Does  Not  Check  All  Incoming 
Materials,  materials  are  not  cheeked  ,  materials  checked  by 

receiving  cleric  \S  >  materials  checked  by  foreman  30  * 


(d)  To  whom  does  Quality  Control  Head  Report? 


-}o  ■  SuQry  /H 


(e)  Please  list  number  of  inspectors  in  each  department  and  check  to  whom 
they  report: 

REPORT  TO 


2*  Total  number  of  production  workers  in  plant 
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3#  Do  you  have  a  quality  control  laboratory?  Yes  S ,  No 

Who  sets  quality  standards?  President  ,  Sales  Manager  J 

Plant  Manager  _ ,  Plant  Supt»  ^  Foreman  Purchasing 

Plant  Engineer _ ,  Designer  »  Do  not  have  any  standards  J  . 

5*  Vflio  sets  material  specifications  required  to  meet  quality  standards? 

//  1/ a  K  /'a  ^/a  m 

6,  If  you  have  standards,  are  they:  \iritten  or  Oral  ST  ? 


7*  Do  you  work  to  definite  written  tolerances  in  machining  parts  such  as 


.18  3/8"  plus  or  minus  1/32"?  Yes  /s'  No  3Q 

8.  Do  you  work  to  definite  tolerances  in  fitting  of  parts,  such  as  l/6Ii"  to 
3/6U"  clearance  on  each  side  of  flush  drawer?  Yes  /3  No  « 


9«  For  such  items  as  color,  veneer  figure  and  appearance  of  finish,  do  you 
have  samples  on  display  to  guide  the  workmen?  Yes  3s~  No 

10.  Statistical  Quality  Control:  (a)  Do  you  have  this  for  control  of  moisture 

Do  you  have  this  throughout  your  operations/  Yes  No 

Do  you  have  statistical  quality  control  in  any  other  departments?  Yes  No 
Are  you  planning  on  installing  statistical  quality  control?  Yes  No _ 

11.  What  price  range  furniture  do  you  manufacture?  High  //  Jfedium  Low  io 

Fig.  1. — Quality  control  questionnaire. 

of  incoming  materials.  In  different  plants,  the  Material  specifications  are  set  by  every  division 
number  of  inspectors  varies  from  a  low  of  one  of  management.  The  standards  are  usually  oral 
inspector  for  each  forty  production  workers  to  rather  than  written.  Some  plants  work  to  defi- 
a  high  of  one  inspector  for  each  twelve  produc-  nite  tolerances  usually  not  written,  others  do 
tion  workers.  A  few  plants  perform  all  inspec-  not  use  tolerances.  Most  plants  use  samples  to 
tion  by  production  workers  and  production  guide  workmen.  There  seems  to  be  considerable 
foremen.  A  very  few  plants  have  a  quality  con-  interest  in  statistical  quality  control  but  evi- 
trol  laboratory.  Quality  standards  are  either  set  dently  many  plants  do  not  understand  exactly 
by  the  president  or  a  group  of  top  management,  what  it  is. 


content  of  lumber?  Yes 
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Most  of  the  factories  included  in  this  report 
have  a  high  volume  of  production  and  employ 
a  majority  of  semi-skilled  workers.  A  few  fac¬ 
tories  producing  high  quality  furniture  in  a 
somewhat  limited  amount  consistently  maintain 
a  high  standard  of  quality  yet  utterly  disregard 
many  of  the  principles  enumerated  in  this  re¬ 
port.  This  is  done  by  having  only  skilled  oper¬ 
ators  in  key  positions  who  have  worked  with 
the  company  so  long  that  the  proper  quality 
standards  have  become  a  part  of  their  working 
tools.  They  produce  their  work  to  standard  or 
they  do  their  work  over  again  of  their  own 
accord.  The  products  of  this  type  plant  may 
consistently  conform  to  the  standards  set  by 
management  but  the  cost  of  maintaining  this 
quality  is  usually  uncontrolled  and  may  be 
unknown  to  management. 

Conclusions  From  Analysis  of 
Existing  Practices 

An  analysis  of  the  questionnaires  used  in 
this  study  and  the  writers’  personal  knowledge 
of  furniture  plants  in  southeastern  United 
States  indicates  that  there  is  wide  variation  in 
methods  used  to  control  quality  and  that  there 
is  room  for  improvement.  It  is  recognized  that 
each  plant  has  its  own  peculiar  problems  that 
must  be  individually  solved;  but  there  are  defi¬ 
nite  principles  of  quality  control  that  can  be 
applied  to  nearly  every  furniture  manufactur¬ 
ing  operation.  There  appears  to  be  a  consider¬ 
able  lack  of  organization  for  quality  control, 
some  weakness  in  setting  quality  standards  and 
variation  in  the  quality  of  furniture  produced. 
The  balance  of  this  paper  will  cover  the  organ¬ 
ization  and,  operations  which  will  tend  to  pro¬ 
duce  furniture  of  uniform  quality. 

Quality  Control  Organization  in  a  Furniture 
Manufacturing  Company 

Quality  control  was  defined  in  the  introduc¬ 
tion  as  the  procedures  carried  out  by  a  furniture 
factory  in  order  to  produce  products  that  con¬ 
form  to  the  set  of  standards  applicable  to  that 
particular  factory.  Insuring  conformance  should 
be  done  at  a  minimum  cost.  A  balance  must  be 
struck  between  the  value  of  quality  and  the  cost 
of  quality.  In  performing  the  quality  control 
function  properly,  individual  plants  will  vary 
according  to  the  size  and  internal  organization 


of  that  particular  company.  However,  certain 
fundamental  principles  can  be  applied  to  any 
company.  For  instance,  over  a  long  period  of 
time,  uniform  quality  in  the  finished  product 
can  only  be  expected  if  the  responsibility  for 
quality  control  is  some  one  person’s  primary 
duty.  Unless  someone  is  continuously  checking 
quality,  the  pressure  of  production  or  other 
forces  may  gradually  change  the  quality  of  the 
product  being  produced  or  change  the  cost  of 
obtaining  quality.  In  other  words,  there  should 
be  a  separate  quality  control  department  or  one 
man  in  charge  of  this  work.  The  chief  activity 
of  a  quality  control  department  is  inspection. 
The  quality  control  department  may  include 
the  inspection  department  or  may  be  the  in¬ 
spection  department.  The  inspection  depart¬ 
ment  usually  performs  only  the  inspection  act, 
while  the  quality  control  department  may  in¬ 
clude  engineering  work  to  improve  quality  and 
other  related  activities.  Sometimes  a  laboratory 
for  research  and  control  testing  may  be  in¬ 
cluded  within  the  quality  control  department. 

In  order  to  command  the  respect  of  the  fac¬ 
tory  man,  the  quality  control  department  head 
should  be  on  a  high  level  of  authority  compar¬ 
able  with  the  plant  superintendent  and  chief 
accountant  (2).  Although  it  is  advisable  to 
keep  inspection  control  above  the  level  of  the 
production  workers  and  foreman,  too  high  a 
position  of  inspection  can  cause  inspection  to 
become  excessively  strict  and  costly.  Juran  (2) 
states  one  principle  of  inspection  very  well; 
’’The  first  common  supervisor  of  the  operator 
and  the  inspector  should  be  at  the  lowest  level 
of  authority  that  is  staffed  with  executives  who 
reflect  the  company’s  policy  on  the  balance  be¬ 
tween  cost  of  quality  and  value  of  quality.”  In 
a  furniture  factory,  this  level  of  authority  may 
well  be  the  plant  superintendent;  although  some 
larger  companies  have  placed  this  level  of 
authority  one  step  higher  with  the  plant 
manager. 

The  best  way  may  be  for  the  inspectors  to 
report  directly  to  a  chief  inspector  who  reports 
to  the  plant  superintendent;  but,  in  the  larger 
companies,  the  top  quality  control  man  would 
report  to  the  production  manager  and  would 
act  in  an  advisory  capacity  to  the  individual 
inspectors  and  plant  superintendents. 
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Establishment  of  Product  Quality  Standards 
and  Material  Specifications 

In  order  to  control  properly  the  quality  of 
goods  being  produced,  definite  quality  stand¬ 
ards  should  be  established.  Standards  should 
be  expressed  in  writing  or  be  represented  by 
samples.  Oral  explanations  may  be  helpful  but 
an  inspection  department  must  have  definite 
written  or  sample  standards  on  which  to  base 
acceptance  or  rejection  of  items  or  the  quality 
of  product  will  vary  from  month  to  month  due 
to  human  variables  such  as  temperament  and 
memory.  The  quality  standards  should  be  set 
by  top  management.  However,  several  persons 
or  departments  usually  will  have  to  contribute 
to  the  standards.  The  designer  and  the  sales 
manager  will  specify  those  items  which  will 
affect  the  appearance,  performance  and  sales 
appeal  of  the  article.  The  process  engineer,  who 
frequently  will  be  the  plant  superintendent, 
will  specify  part  sizes  and  details  of  construc¬ 
tion.  New  developments  in  gluing,  finishing 
and  other  processes  require  that  new  standards 
be  developed.  According  to  Trayer  (3),  quality 
control  in  wood  processing  must  be  based  upon 
technical  facts  obtained  through  research.  Dur¬ 
ing  the  past  five  years  many  furniture  plants 
would  have  saved  considerable  money  charge¬ 
able  to  gluing  troubles  if  they  had  had  the  cor¬ 
rect  technical  information. 

Certain  material  specifications  are  necessary 
to  meet  the  product  quality  standards.  These 
material  specifications  may  be  set  by  the  plant 
manager,  superintendent,  engineer,  purchasing 
agent,  designer  or  sales  manager  depending 
uf)on  the  type  of  product  and  the  individual 
plant  organization.  When  the  specifications  are 
put  down  in  writing  and  are  represented  by 
samples,  receiving  inspection  is  greatly  sim¬ 
plified. 

Inspection  of  Incoming  Materials 

Approximately  fifty  percent  of  a  furniture 
plant’s  sales  volume  is  represented  by  raw  mate¬ 
rial  purchases.  Consequently,  the  specification, 
purchasing,  inspection  and  use  of  these  mate¬ 
rials  is  extremely  important.  Since  lumber, 
veneers,  glue  and  finishing  materials  are  bulky 
commodities,  they  are  frequently  delivered  to 
the  department  using  the  material  rather  than 
to  the  supply  room.  The  balance  of  materials 


are  usually  delivered  to  a  receiving  clerk  in  the 
supply  room.  The  inspection  of  these  materials 
varies  considerably.  The  receiving  clerk  in  the 
supply  room  can  do  whatever  inspection  is  nec¬ 
essary  for  the  items  received  there.  Since  most 
plants  successfully  use  the  yard  foreman  or  his 
assistant  to  inspect  incoming  lumber,  this  in¬ 
spector  can  be  left  under  the  control  of  produc¬ 
tion.  Frequently,  the  lumber  inspector  is  super¬ 
vising  a  lumber  stacking  crew  at  the  same  time 
as  he  grades  lumber.  Lumber  inspectors  could  be 
put  under  a  chief  inspector  as  far  as  the  actual 
grading  is  concerned;  but  because  of  the  pro¬ 
duction  supervision,  lumber  inspectors  are  prob¬ 
ably  as  well  if  not  better  placed  in  the  produc¬ 
tion  department.  Face  veneers  are  bought  by 
samples  but  random  checks  on  footage  should 
be  made  by  an  inspector  to  see  that  the  sup¬ 
plier’s  count  is  correct.  The  footage  of  rotary- 
cut  construction  veneers  should  be  checked  by 
count  or  measurement;  the  size  and  moisture 
content  by  random  selection.  Because  of  the 
intermittent  receipt  of  shipments,  this  check  is 
frequently  made  by  the  veneer  department  per¬ 
sonnel  but  a  receiving  inspector  can  very  well 
do  this  work  if  the  plant  organization  is  suitable. 

New  developments  in  glues  and  finishing 
materials  have  been  and  are  being  put  into 
production  in  many  furniture  plants.  Conse¬ 
quently,  the  need  for  receiving  inspection  of 
these  materials  is  becoming  more  important 
each  year.  A  number  of  plants  now  have  lab¬ 
oratories  for  testing  these  materials.  Those 
plants  with  testing  laboratories  should  make 
random  checks  on  all  materials  received.  Fig.  2 
shows  a  form  used  by  a  large  furniture  com¬ 
pany  in  North  Carolina  to  test  receipts  of  resin 
glues  in  tank  car  lots.  The  average  plant  with¬ 
out  a  laboratory  should  make  random  checks  on 
incoming  materials  with  rough  plant  checks  of 
test  panels  and  occasionally  send  samples  to  a 
testing  laboratory  for  checks  on  the  raw  mate¬ 
rials.  Keeping  substandard  materials  out  of  pro¬ 
duction  is  a  fundamental  method  of  maintain¬ 
ing  quality  control. 

Lumber  Seasoning 

Wood  furniture  cannot  be  manufactured  to 
a  definite  quality  standard  unless  the  lumber  is 
seasoned  properly.  High  moisture  content  boards 
will  eventually  shrink  and  stressed  boards  may 
warp.  Proper  methods  of  air  seasoning,  kiln 
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Approved.  _ 

GLUE  QUALITY  CONTROL  TESTS 

Plant - Date  of  Tests _  Glue _ 

Company - Type - Batch  No. 

Quantity  Received  at  Plant _ Date  Manufactured _ 

Date  Shipped _ Date  Received _ 


LABORATORY  TESTS 

A.  Glue  Formulation:  Wheat  Flour _ %  Water _ %  Catalyst _ % 

B.  Open,  Closed  Assembly  Time _ _ minutes 

C.  Hot,  Cold  pressed _ minutes,  hours  @ _ p.  s.  i. 

D. 


As  Received 

Mixed 

pH 

Viscosity 

Solids  Content 

PLYWOOD  SHEAR  TESTS 

Dry  Wet 

Panel  a  Panel  b  (48  hrs.  in  Water  @  Rm.  Temp.) 

1 _  1 _  2 _  2 _ 

3 _  3 -  4 -  4 _ 

5 _  5 -  6 -  6 _ 

7 _  7 -  8 -  8 _ 

9 _  9 _  10 _  10 _ 

Ave. _ 

(First  figure  represents  shear  p.  s.  i. 

Second  figure  represents  %  wood  failure.) 

Remarks _ 


Tested  By _ 

Fig.  2. — Form  for  glue  quality  control  tests. 


drying  and  conditioning  lumber  are  well  estab¬ 
lished  by  the  U.  S.  Forest  Products  Laboratory 
and  others.  If  these  methods  are  followed,  good 
material  will  be  produced;  but  recent  develop¬ 
ments  have  shown  how  to  regulate  the  quality 
of  drying  according  to  the  need  of  the  par¬ 
ticular  plant.  Rietz  (4)  has  conducted  experi¬ 
ments  for  the  Forest  Products  Laboratory  which 


have  shown  how  statistical  quality  control  can 
check  the  results  of  kiln  drying  and  even  pre¬ 
dict  when  drying  will  be  out  of  control. 

Statistical  quality  control  is  based  upon  the 
use  of  charts  which  show  when  an  operation  is 
in  control  or  out  of  control.  The  Shewart  (5) 
control  chart  is  an  essential  tool  in  statistical 
quality  control.  Fig.  3  shows  a  control  chart 
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SAMPLE  NUMBER 


Fig.  3. — Control  chart  for  daily  sampling,  n  =  10;  X‘  =  5.6  percent;  S*  =  1.0.  Control  limits  for  average 
=  4.6  and  6.6  percent;  control  limit  for  uniformity  factor  =  1.6. 


from  Forest  Products  Laboratory  Report  R1685 
with  terminology  adapted  by  Rietz  for  the  con¬ 
trol  of  moisture  content  of  lumber  going  into 
furniture  production.  The  uniformity  factor 
corresponds  to  the  standard  deviation  used  in 
the  standard  statistical  procedures  for  the  anal¬ 
ysis  of  variance.  There  is  some  question  whether 
usual  statistical  terms  should  be  changed  in  this 
case.  Regardless  of  this  technical  point,  the 
use  of  control  charts  does  show  up  the  cases 
when  drying  is  out  of  control  and  indicates 
when  changes  should  be  made  in  stacking  or 
drying  methods  and  when  the  process  should 
be  left  alone.  Anyone  interested  in  consistently 
obtaining  uniform  moisture  content  lumber 
should  thoroughly  investigate  the  possibilities 
of  this  method  for  solving  one  of  the  most 
vexing  problems  of  the  wood  industry.  Sta¬ 
tistical  quality  control  is  a  new  and  valuable 
tool  for  controlling  the  quality  of  lumber 
seasoning. 

Machining 

After  lumber  is  dried,  it  must  be  machined 
to  the  sizes  and  shapes  required  for  the  furni¬ 


ture  being  manufactured.  The  proper  mainte¬ 
nance  and  operation  of  machinery  is  a  funda¬ 
mental  requirement  in  maintaining  a  definite 
standard  of  quality  (6).  Most  furniture  plants 
do  not  supply  the  workmen  or  inspectors  with 
enough  specifications  or  checking  jigs  to  guar¬ 
antee  constant  quality  in  machining.  It  is  sug¬ 
gested  that  the  establishment  of  definite  written 
tolerances  for  machining  parts  be  undertaken 
as  a  long  term  project  for  the  furniture  indus¬ 
try.  With  such  information  plus  metal  check- 
ing  jigs  or  gauges,  workmen  and  inspectors  can 
check  set-ups  and  machined  parts  to  see  that  the 
parts  will  conform  to  the  standards  set  by  top 
management.  In  addition,  statistical  quality 
control  is  dependent  upon  the  use  of  definite 
tolerances.  There  are  indications  that  the  proper 
application  of  statistical  quality  control  to  ma¬ 
chining  operations  may  produce  some  of  the 
most  startling  developments  that  have  ever  oc¬ 
curred  in  the  woodworking  industry.  Mr.  S.  M. 
Nickey,  Jr.,  Vice  President  of  Nickey  Brothers, 

1  Inc.,  Memphis,  Tenn.,  has  stated  that  his  com¬ 
pany  has  not  received  one  serious  customer  com- 
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plaint  since  his  company  installed  statistical 
quality  control  in  their  plant  operations. 

Statistical  quality  control  is  such  a  new  de¬ 
velopment  not  only  in  furniture  manufacturing 
but  in  all  types  of  industry  that  it  would  be  pre¬ 
sumptuous  for  the  authors  of  this  paper  to 
make  any  exact  statements  as  to  what  this  tech- 
technique  can  do  to  improve  quality  control  of 
machined  wood  parts.  However,  a  brief  state¬ 
ment  of  the  purposes  and  results  in  other  in¬ 
dustries  should  give  an  indication  of  what  the 
possibilities  are  for  the  furniture  industry. 
Grant  (1)  states  that  most  engineers,  production 
men,  and  inspectors  must  take  an  entirely  new 
point  of  view  in  order  to  use  properly  the 
Shewart  control  charts  for  statistical  quality  con¬ 
trol.  This  point  of  view  is  that  any  production 
and  inspection  operation  is  subject  to  some 
stable  pattern  of  variation  due  to  chance  but 
variations  outside  this  pattern  can  be  located 
and  corrected.  The  Shewart  control  chart  en¬ 
ables  one  to  identify  these  assignable  causes  of 
quality  variation  so  that  corrective  measures  can 
be  taken  in  production  operations.  By  also  iden¬ 
tifying  those  quality  variations  due  to  chance, 
the  chart  tells  when  to  leave  a  process  alone. 
It  should  be  possible  to  develop  the  use  of  this 
technique  in  machining  wood  parts  so  that 
variations  in  machining  due  to  such  an  item  as 
different  densities  in  the  same  species  would  be 
identified  as  due  to  chance.  Variations  in  ma¬ 
chining  due  to  a  worn  bearing  might  be  sepa¬ 
rated  out  by  the  control  chart  so  that  the  ma¬ 
chine  would  be  repaired  before  actual  defective 
parts  would  be  produced.  The  installation  of 
statistical  quality  control  for  machined  parts 
would  be  an  extremely  complicated  and  difficult 
undertaking  for  any  furniture  plant;  but  the 
possibilities  for  obtaining  uniform  quality  at 
reduced  cost  are  so  outstanding  that  this  tech¬ 
nique  merits  serious  consideration  by  furniture 
companies. 

Veneer  and  Gluing  Operations 

The  selection  and  use  of  face  veneer  is  a 
highly  specialized  phase  of  furniture  manufac¬ 
ture.  Many  plants  have  excellent  quality  con¬ 
trol  in  their  face  veneer  operations  through 
close  coordination  of  purchasing  and  face  veneer 
production.  Good  face  veneer  equipment  com¬ 
bined  with  a  certain  percent  of  highly  skilled 
workmen  should  produce  the  face  veneers  that 


will  create  the  effect  desired  in  the  finished 
furniture.  Both  the  face  veneer  production  men 
and  face  veneer  inspectors  must  be  supplied 
with  written  specifications  and  samples  in  order 
to  produce  a  consistently  uniform  quality  of 
appearance  in  the  finished  furniture. 

The  control  of  quality  in  gluing  operations  is 
a  subject  big  enough  for  an  entire  paper  (7). 
Considerable  study  and  experimentation  should 
precede  the  specification  for  the  kind  of  glues 
to  use  and  the  method  of  operation.  If  the 
wrong  technical  information  is  used,  erratic 
gluing  results  will  occur  even  though  the  work¬ 
men  follow  instructions  explicitly.  It  is  sug¬ 
gested  that  the  production  department  keep 
records  of  glue  mixes,  temperatures,  times, 
pressures,  and  other  factors  controlled  in  gluing 
operations.  In  addition,  spot  checks,  by  inspec¬ 
tors,  of  glue  mixes,  spreads,  and  trim  from  pan¬ 
els  and  edge-glued  stock  will  indicate  whether 
quality  is  being  maintained.  If  a  laboratory  is 
available,  these  checks  can  well  be  made  by  the 
laboratory. 

Sanding 

The  quality  of  sanding  depends  upon  good 
equipment,  the  proper  grits  used  and  good 
workmanship.  It  is  ffifficult  to  determine  visu¬ 
ally  when  a  piece  of  wood  is  sanded  properly. 
An  inspector  assigned  to  the  sanding  depart¬ 
ment  must  be  an  expert  judge  of  a  sanded  sur¬ 
face  and  at  the  same  time  a  diplomat  so  that 
he  can  obtain  cooperation  from  sanding  ma¬ 
chine  operators.  It  is  hoped  that  there  will 
some  day  be  a  technical  method  for  determining 
a  properly  sanded  or  machined  surface.  Patron- 
sky  (8)  has  reported  on  experiments  of  this 
nature  which  appear  promising,  but  at  present 
furniture  plants  must  rely  on  individual  judg¬ 
ment  of  workers  and  inspectors. 

Assembly 

The  cabinet  rooms  of  furniture  plants  vary  a 
great  deal  in  methods  of  operation.  Some 
plants  have  assembly  lines  where  each  semi¬ 
skilled  workman  performs  a  single  operation. 
In  this  type  plant,  the  inspector  at  the  end  of 
the  assembly  line  has  an  extremely  important 
job.  He  must  see  that  the  assembled  article  con¬ 
forms  to  specifications  and  must  see  that  mis¬ 
takes  are  corrected  by  the  proper  individual. 
However,  in  a  furniture  plant  where  the  entire 
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fitting  of  a  case  is  done  by  one  highly  skilled 
man,  it  is  possible  to  have  him  perform  the 
most  of  the  insjjection  job  while  the  final  in¬ 
spector  checks  for  certain  miscellaneous  items. 

Finishing 

Controlling  quality  in  finishing  has  been  well 
covered  by  Walker  (9).  He  states  that  quality 
standards  must  be  established  by  the  furniture 
company.  The  material  specifications  can  be  set 
by  the  furniture  company  in  cooperation  with 
the  finishing  material  suppliers.  The  method  of 
application  must  be  set  up  by  the  furniture 
manufacturer  and  the  finishing  material  sup¬ 
pliers.  When  these  steps  are  completed,  the 
production  personnel  and  the  inspection  depart¬ 
ment  should  be  given  written  instructions,  oral 
supplements,  and  samples  to  follow  so  that  a 
consistent  standard  of  quality  can  be  main¬ 
tained.  The  final  inspector  must  be  a  person 
of  sound  judgment  and  discrimination.  He 
must  be  able  to  interpret  specifications  and  be 
able  to  distinguish  merchandise  which  will  con¬ 
form  to  the  quality  standards  of  his  company. 

Packing  and  Shipping 

Packing  and  shipping  do  not  contribute  to 
the  manufacture  of  a  piece  of  furniture  but  they 
are  so  important  to  a  furniture  manufacturing 
business  that  it  was  thought  that  the  subject 
should  be  included  here.  If  a  piece  of  furni¬ 
ture  is  carefully  produced  to  definite  quality 
standards  but  is  later  damaged  due  to  poor 
packing,  the  effect  is  just  as  disastrous  to  the 
furniture  company  as  if  the  product  had  been 
improperly  manufactured.  Ware  (10)  sum¬ 
marized  the  control  of  quality  in  packing  and 
shipping  as  follows; 

"1.  Correct  design 

2.  Performance  or  laboratory  tests 

3.  Written  standards  for  material  and  appli¬ 
cation 

4.  Proper  supervision 

5.  Proper  marking 

6.  Constant  vigilance  of  your  own  and  public 
carrier  handling.” 

If  the  above  procedures  are  properly  carried 
out,  most  plants  should  not  need  a  full  time 
inspector  of  the  packaging  and  loading  opera¬ 
tions.  However,  spot  checks  by  the  inspection 


department  should  prove  valuable  in  seeing 
that  the  shipping  department  is  conforming  to 
standards  so  that  properly  manufactured  furni¬ 
ture  will  reach  the  consumer  undamaged. 

Conclusions 

Furniture  plants  in  the  southeastern  United 
States  have  wide  variations  in  methods  used  to 
control  quality.  Although  many  plants  do  pro¬ 
duce  products  of  uniforih  quality,  many  other 
plants  could  obtain  better  control  of  quality  by 
establishing  an  organization  for  quality  control, 
setting  of  definite  written  quality  standards, 
and  the  use  of  statistical  techniques  recently 
brought  into  the  woodworking  industry. 

There  are  correct  principles  and  practices  of 
quality  control  that  should  be  applied  in  every 
department  of  a  furniture  plant  in  order  to 
maintain  uniform  quality.  These  practices 
should  be  well  established  before  new  statistical 
techniques  are  applied.  A  new  method  for  im¬ 
proving  good  operations  will  practically  never 
be  a  "cure-all”  for  the  ailments  of  a  badly  run 
plant.  Statistical  quality  control  is  no  exception 
to  this  rule;  but  this  new  technique  does  give 
indications  of  being  one  of  the  outstanding  de¬ 
velopments  of  our  time  for  improving  quality 
control  in  a  plant  that  already  is  producing  fur¬ 
niture  uniformly  to  definite  standards. 

This  paper  has  covered  most  of  the  phases 
of  quality  control  in  furniture  production  but 
has  left  out  the  most  important  item.  The  paper 
described  how  a  furniture  plant  should  organ¬ 
ize  for  quality  control  and  how  each  depart¬ 
ment  should  operate  to  maintain  quality  stand¬ 
ards.  Statistical  quality  control  was  described  as 
a  technique  for  furniture  plants  to  consider  as 
offering  possibilities  for  extraordinary  improve¬ 
ments  in  furniture  operations.  Unfortunately  a 
plant  can  install  such  a  theoretically  perfect 
system  of  quality  control  but  there  will  be  very 
erratic  and  perhaps  disastrous  results  if  the 
workers  and  supervisors  are  not  quality  minded. 
When  the  top  executives  have  a  sincere  interest 
in  quality  control,  quality  mindedness  can  then 
be  passed  down  through  intermediate  super¬ 
visors  to  the  man  at  the  machine.  When  the 
entire  organization  is  quality  minded,  the  in¬ 
spection  system,  the  use  of  standards,  the 
gauges  and  rules  and  the  control  charts  can  be 
made  to  function  as  they  were  designed;  to  in- 
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sure  that  the  furniture  will  be  produced  at  the 
planned  cost  and  will  conform  to  the  standards 
set  by  the  company. 
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Defect  Detection  Equipment 
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Defect  deteaion  equipment — less  a  present  reality  than  a  future  possibility  in  the  wood  industries — is 
defined  and  is  compared  to  wood  testing  apparatus  or  machinery.  X-ray  testing  methods  are  discussed.  An 
automatic  radio-frequency  moisture  detection  machine  is  described.  A  laboratory  method  is  discussed  in  which 
infrared  rays  are  used  to  predict  the  fibre  direction  in  wood. 


Defects  in  wood  may  be  broadly  defined 
as  any  imperfections  or  deviations  from 
the  normal  fibrous  structure  that  render 
it  imperfect  for  a  given  use.  Thus  ’’defect”  is 
a  relative  term;  knots  may  be  no  defect  in 
decorative  knotty  pine;  clear,  faultless  wood,  if 
cross  or  spiral  grain  be  present,  may  be  defec¬ 
tive  for  certain  uses.  A  certain  moisture  con¬ 
tent  may  be  a  defect. 

The  detection  of  defects  may  therefore  em¬ 
brace  the  search  for  almost  any  physical  or  even 
chemical  characteristic  of  the  wood  or  wood 
product.  Equipment  for  this  purpose  may  be 
intended  for  inspection  of  wood  on  an  indus¬ 
trial  or  production  scale,  as  compared  with 
studies  of  random  or  selected  samples  in  the 
laboratory.  The  apparatus  or  equipment  of  the 
laboratory  used  in  testing  wood  may  be  de¬ 
structive  or  nondestructive  of  the  material  be¬ 
ing  tested;  the  methods  may  be  slow  or  quick. 
Production  or  large-scale  testing  equipment 
must  be  nondestructive  and  reasonably  quick. 
The  usual  mechanical  or  chemical  methods  of 
testing  and  studying  wood  seem  inadequate. 


a  fluoroscope  permits  rapid  visual  inspection 
and  renders  radiography  unnecessary.  Com¬ 
pletely  automatic  radiographic  equipment  is  now 
available  to  the  metal  and  paper  industries  for 
testing  the  materials  for  thickness.  The  appa¬ 
ratus  for  measuring  the  thickness  of  paper  is 
making  use  of  radioactive  isotopes  produced 
by  the  Atomic  Energy  Commission. 

For  many  years  x-rays  have  proved  useful 
in  examining  paintings,  whether  on  wood  or 
other  materials.  Such  wood  panels,  examined 
by  radiography,  may  in  themselves  give  clues 
as  to  the  paintings  thereon,  depending  on  the 
type  of  defects  discovered.  A  better  example 
in  art  objects  is  furniture,  showing  evidence  of 
’’worm  holes”.  These,  if  genuine,  will  have 
been  caused  by  the  larvae  of  insects,  whose 
winding  galleries  are  detected  within  the  wood 
by  the  x-ray.  An  example  of  a  genuine  larva 
gallery  can  be  seen  in  Fig.  1,  in  the  dark  por¬ 
tion  of  the  radiograph.  The  concentric  lines 
show  the  gallery  of  a  particular  type  of  larva 
that  swings  its  head  from  side  to  side  as  it  eats 
its  way  through  the  wood.  A  museum  with  ade- 


X-Ray 

The  x-ray  offers  interesting  possibilities.  An 
apparatus  and  a  method  for  inspecting  public 
utility  poles  have  been  known  for  several  years. ^ 
The  purpose  was  to  radiograph  decayed  or 
partly  decayed  poles  whose  density,  and  there¬ 
fore  capacity  to  x-rays,  had  been  diminished. 
Apparatus  has  also  been  designed  for  under¬ 
water  radiography  to  inspect  piling  for  evi¬ 
dence  of  attack  by  marine  organisms.  X-rays 
lend  themselves  also  to  detecting  nails,  bullets, 
or  other  metal  objects  imbedded  in  wood  and 
likely  to  cause  damage  to  woodworking  tools; 

*  Zucker,  Myron.  The  Technique  of  Inspecting 
Wood  Poles  by  X-Ray.  ASTM  Bulletin  120:  19-26. 


WORM  ©ALLERr 


Fig.  1. — Radiograph  of  incense-cedar  21/2  inches 
thick,  containing  worm  holes,  split,  and  peck  (Poly- 
perus  amarus).  One  side  when  viewed  appears  as 
sound  wood. 
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quate  equipment  and  technical  personnel  can 
readily  distinguish  such  galleries  from  the  arti¬ 
ficial  holes  made  by  unscrupulous  imitators. 

The  equipment  or  its  adjustment  needed  for 
such  varied  applications  is  diverse.  The  radiog¬ 
raphy  of  heavy  piling  under  water  and  of  thin 
wooden  panels,  usually  very  dry,  represent  op¬ 
posite  extremes,  with  different  voltage  and 
other  requirements.  Procedures  for  the  use  of 
high-voltage  "hard”  x-rays  are  more  common 
than  procedures  for  low-voltage  "soft”  rays. 
These  latter  are  useful  in  radiography  of  wood, 
especially  dry,  thin  pieces,  which  because  of 
their  porosity,  low  density,  and  thinness,  offer 
slight  resistance  to  the  "hard”  short  waves 
(Fig.  2).  Negatives  so  produced  have  detail  in 


Fig.  2. — Radiograph  of  two  pencil  slats  of  incense- 
cedar  (5  millimeters  thick)  containing  moisture.  The 
darker,  close-grained  slat  had  just  been  pressure- 
impregnated  with  stain.  The  other  slat  had  the  same 
treatment,  but  was  partially  dried.  Note  high  mois¬ 
ture  content  in  the  summer  growth. 

part,  but  may  be  underexposed  in  other  parts 
or  in  general.  Frequently  a  second  exposure, 
immediately  following  the  first,  is  made,  using 
a  shorter  wave  length  (higher  voltage)  and  a 
shorter  time.  Some  procedures  call  for  five  or 
more  such  consecutive  exposures  of  the  nega¬ 
tive  for  obtaining  detail  and  density  in  the 
negative  of  a  very  thin  piece  of  wood,  or  even 


When  the  voltage  is  reduced  below  about  25 
megavolts,  the  resulting  rays  become  progres¬ 
sively  less  able  to  affect  the  negative,  regardless 
of  the  time  of  exposure.  The  rays  themselves 
have  the  ability  to  penetrate  the  wood,  but  they 
are  unable  to  escape  the  glass  envelope  of  the 
x-ray  tube.  To  overcome  this  and  utilize  these 
soft  rays,  a  tube  with  copper  anode  and  beryl¬ 
lium  window  could  be  used.  Such  a  tube  would 
generate  the  soft  rays  at  relatively  low  voltages 
and  permit  their  escape  to  the  material  under 
examination.  Fig.  3  is  a  radiograph  of  thin 


Fig.  3. — Radiograph  of  incense-cedar  pencil  slats 
showing  grain,  peck,  Polyperus  amarus  and  hard 
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pieces  of  incense-cedar  (5  millimeters)  made  by 
E.  W.  Philleo,  of  the  General  Electric  X-ray 
Corp.,  who  supplied  the  apparatus  and  sug¬ 
gested  the  proper  technique  for  the  radiography 
of  thin,  low-density  material. 

Radio-Frequency 

Radio-frequency  waves  have  been  used  for 
many  years  to  measure  the  moisture  in  wood. 
Actually  the  dielectric  value  of  the  material  is 
sought,  and  is  measured  by  moisture  meters 
made  commercially  for  pencil  use  or  designed 
for  specific  purposes.  This  value,  however,  de¬ 
pends  also  on  the  thickness  or  other  dimen¬ 
sions,  especially  when  thin  pieces  are  tested. 
For  these  it  is  better  to  use  two  electrodes, 
placing  the  piece  between  them.  If  the  electric 
current  so  obtained  be  balanced  simultaneously 
against  the  current  resulting  from  two  similar 
electrodes  across  an  air  gap  at  a  distance  ex¬ 
actly  equal  to  the  thickness  of  the  wood,  this 
thickness  variable  is  eliminated.^ 

The  species  of  wood  and  other  character¬ 
istics  of  the  tested  piece  affecting  density  must 
also  be  considered.  Dense  wood,  having  rela¬ 
tively  less  air  space,  has  a  higher  dielectric  con¬ 
stant  than  light  wood,  disregarding  moisture. 
Nevertheless,  wood  of  high  density,  whether 
due  to  species  or  variations  within  the  species, 
will  have  more  absolute  moisture  than  low- 
density  wood,  at  equal  moisture  content,  ex¬ 
pressed  as  percent  of  oven-dry  weight.  Low- 
moisture  content  of  very  dense  wood  will  there¬ 
fore  affect  the  measuring  instrument  as  does  a 
lower-density  piece  of  higher  moisture  per¬ 
centage. 

While  a  knowledge  of  the  average  density 
of  wood  species  has  been  used  to  calibrate 
moisture  meters  or  to  make  charts  helpful  in 
translating  their  readings  to  percentage  mois¬ 
ture  content,  little  has  been  published  regard¬ 
ing  the  effect  on  such  meters  of  variations  due 
to  defects,  original  position  in  the  tree,  and 
other  aspects.  Radiography  may  also  be  useful 
in  the  fundamental  studies  of  the  movement  of 
moisture  in  wood  (Fig.  2).  The  light  areas  rep¬ 
resent  areas  of  high  moisture  content.  Such 
study  will  show  the  variation  of  moisture  con¬ 
tent  in  adjacent  areas  as  between  the  summer 
and  spring  growrth  wood. 

*  Hagan,  Owen.  Patent  Pending. 


In  spite  of  difficulties,  moisture-detecting  de¬ 
vices  are  useful  and  lend  themselves  to  auto¬ 
matic  inspecting  machinery.  For  example,  the 
so-called  ’’Hydrojects”®  for  inspecting  pencil 
slats  have  been  in  successful  operation  for  about 
10  years.  These  slats  consist  of  pieces  of 
incense-cedar  (IJbocedrus  decurrens)  sawn  in 
dimensions  of  about  5  by  65  by  185  milli¬ 
meters.  They  are  dyed  in  an  autoclave,  absorb¬ 
ing  more  than  100  percent  moisture,  then  dried 
in  kilns,  and  later  fed  into  the  "Hydrojects.” 
Each  "Hydroject”  conveys  the  slats,  at  the  rate 
of  up  to  8  slats  per  second,  past  a  moisture¬ 
detecting  device.  The  resulting  electrical  change 
is  amplified  and  relayed  to  all  ejecting  mech¬ 
anisms,  which  can  be  adjusted  to  function  at  a 
predetermined  impulse.  Thus  slats  which  ex¬ 
ceed  an  established  normal  moisture  content  are 
ejected  and  can  be  dried  further.  Slats  under 
a  given  moisture  content  are  not  ejected,  but 
could  be.  Such  apparatus  is  not  restricted  to 
measuring  the  moisture  in  each  entire  slat. 
Suitable  machine  design  will  permit  measuring 
parts  of  each  slat,  such  as  zones  near  the  ends 
or  at  the  middle.  Thus  slats,  that  are  not  uni¬ 
form  in  moisture  content  could  be  separated 
from  those  that  are,  automatically.  The  con¬ 
tinuous  inspection  of  pencil  slats  for  moisture 
content  constitutes  a  kind  of  automatic  quality 
control  which  might  be  appropriate  for  other 
forest  products. 

Incorrect  dimensions  of  wood  may  be  re¬ 
garded  as  defects.  These  can  be  rapidly  meas¬ 
ured  by  mechanical  or  photoelectric  means,  and 
the  results  translated  by  mechanical  action  or 
electric  recording  devices,  oscillograph  screens, 
and  so  forth.  In  the  pencil-slat  inspection  ma¬ 
chines  already  described,  the  "Hydrojects”.  an 
additional  station  provides  a  mechanical  con¬ 
tact-measuring  device  which  in  turn  actuates 
an  ejecting  mechanism  when  the  slat  thickness 
is  less,  and  also  if  desired  more,  than  a  pre¬ 
determined  normal.  By  means  of  screw  adjust¬ 
ment  and  micro-switches,  the  device  is  accurate 
to  less  than  0.1  millimeter. 

A  method  has  been  discovered^  by  which 
compression  wood  can  be  detected  by  trans¬ 
mitted  visible  light  viewed  through  a  thin  cross 

‘Wilcox,  William.  Patent  No.  2,228,901. 

‘  Pillow,  M.  Y.  A  New  Method  of  Detecting 
Compression  Wood.  Jour.  Forestry,  Vol.  39,  No.  4. 
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section.  This  method,  however,  does  not  lend 
itself  to  automatic  means,  because  prior  selec¬ 
tion  and  preparation  of  samples  is  necessary, 
and  the  method  therefore  is  unsuited  for  the 
detection  of  defects  in  random  pieces  or  in  con¬ 
tinuous  quality  control.  Nevertheless  the  study 
of  transmitted  light  in  the  visible  and  infrared 
bands  shows  a  bending  of  the  light  in  the 
direction  of  the  wood  fibers. 

Fig.  4  is  a  photograph  of  three  specially  pre¬ 
pared  samples  of  wood  containing  diagonal 
fibers.  These  slats  were  placed  over  an  open¬ 
ing  at  one  end  of  a  light-tight  box,  and  a 
small,  bright,  circular  spot  of  light  was  pro¬ 


jected  on  the  outer  surface  at  the  intersection 
of  cross  hairs  placed  just  behind  the  slat,  in¬ 
side  the  box.  The  cross  hairs  were  placed  square 
with  the  edges  of  the  slats.  The  infrared  light 
penetrated  the  slat  and  emerged  in  an  elliptical 
shape.  The  long  axis  of  the  ellipse  is  always 
in  the  direction  of  the  fibers,  because  the  light 
is  more  easily  transmitted  down  through  the 
hollow  central  portion  of  the  fibers  than  across 
them.  This  emerging  invisible  beam  was  pho¬ 
tographed  with  infrared  film,  and  the  corre¬ 
sponding  photograph  placed  above  each  slat. 
The  slats  were  then  broken  as  shown,  and  the 
breaks  were  in  the  direction  predicted  by  the 
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ellipse.  The  central  slat,  "B”,  containing  short 
grain,  displaced  the  ellipse  below  the  horizontal 
wire  in  the  cross  hair,  showing  the  tendency  of 
the  fibers  to  conduct  the  light  in  their  direction. 
This  phenomenon  should  be  useful  in  predict¬ 
ing  how  a  piece  of  wood  will  split,  and  could 
be  used  as  a  non-destructive  means  of  testing 
pencil  slats  and  possible  veneers. 

Laboratory  apparatus  has  been  designed  and 
tested®  to  show  this  effect  on  a  graph,  prepared 
electrically.  Wood  having  cross  grain  or  spiral 
grain  can  thus  be  identified  in  a  way  analogous 
to  the  ink  and  scribe  tests  already  published.® 
These  experiments  have  not  proceeded  far 

•  ®  Hagan,  Owen.  Patent  Pending. 

•  Koehler,  Arthur.  Guide  to  Determining  Slope  of 
Grain  in  Lumber  and  Veneer.  U.  S.  Forest  Products 
Laboratory  Kept.  No.  1585. 


enough  to  furnish  detailed  data  nor  to  design 
production  equipment.  Laboratory  equipment 
includes  a  photoelectric  cell  sensitive  in  the  in¬ 
frared  range,  since  in  a  slat  about  5  millimeters 
thick  a  high  percentage  of  the  visible  light, 
especially  of  the  shorter  wave  lengths,  is  ab¬ 
sorbed  or  reflected.  The  transmitted  light,  in¬ 
cluding  the  infrared,  which  impinges  on  the 
cell,  is  related  to  the  optical  density  of  the 
wood,  within  the  range  of  the  cell’s  sensitivity. 
As  the  slat  is  moved  mechanically  between  the 
light  source  and  the  cell,  zones  of  varying 
optical  density  in  the  slat  can  be  observed  on  a 
meter  connected  through  an  amplifier  to  the 
cell  and  recorded  on  graph  paper  by  an  elec¬ 
trically  operated  pen.  Knots,  bark,  decayed 
zones,  and  other  defects  are  recorded  on  the 
graph  paper,  as  well  as  the  direction  of  the 
fibers. 


Discussion 

Air.  /.  F.  Hamilton  (Perkins  Glue  Co.): 
Would  it  be  possible  to  segregate  core  or  solid 
lumber  dimension  into  low,  medium,  and  high 
density  ranges  by  electronic  methods.^ 

Air.  Partch:  Wood  has  a  dielectric  constant 
of  approximately  4  to  7,  and  water  has  a  dielec¬ 
tric  constant  of  81.  Therefore,  moisture  will 
have  a  much  greater  effect  on  the  dielectric  con¬ 
stant  than  the  density  of  the  wood  itself.  How¬ 
ever,  in  practice  this  could  be  an  advantage, 
because  the  high  density  wood  may  have  a 
tendency  to  contain  more  moisture,  due  to  its 
inclination  to  dry  more  slowly  than  wood  of 
lower  density.  In  practice  it  would  be  necessary 
to  make  limited  tests  and  evaluate  these  tests  in 
terms  of  the  result  desired.  As  an  example,  a 
machine  that  automatically  detects  the  moisture 
content  of  wood  may  not  be  as  accurate  as  de¬ 
sired  in  terms  of  moisture  content  of  dry 
weight.  It  still  may  be  practical  from  a  com¬ 
mercial  standpoint  because  of  its  ability  to 
detect  wet  spots. 

Air.  A.  H.  Rauch  (Plywood  Research  Foun¬ 
dation)  :  Could  the  California  Cedar  Products 
Company  infrared  detection  method  be  used  in 


detecting  blisters  or  poorly  bonded  areas  in 
plywood  panels? 

Air.  Partch:  Because  the  fibres  of  wood  dis¬ 
tort  the  rays  of  light  emerging  from  a  test 
specimen,  each  type  of  wood  or  dimension 
should  have  a  standard  pattern,  provided  the 
fibres  themselves  are  lying  on  the  same  planes. 
This  pattern  usually  emerges  in  elliptical  shape 
if  the  ingoing  source  is  circular  in  shape.  If  the 
specimen  is  made  up  of  several  layers,  this 
emerging  pattern  would  then  assume  a  new 
shape  for  this  new  set  of  conditions. 

In  other  words,  each  type  of  specimen  will 
have  a  pattern  considered  normal  for  that  type, 
and  any  deviation  from  this  normal  would  indi¬ 
cate  an  abnormality  in  the  specimen  itself.  As 
plywood  contains  two  or  more  layers  normally 
bonded  together  tightly,  one  would  expect  that 
an  air  space  would  alter  this  normal  pattern 
and  could  be  detected  automatically.  There  are 
many  factors  concerned,  such  as  types  of  sur¬ 
face,  thickness  of  specimen,  type  of  wood,  type 
of  glue,  speed  of  operation,  moisture  content, 
defects  in  wood,  etc.,  and  no  definite  informa¬ 
tion  could  be  given  without  sufficient  research 
on  any  particular  application. 
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Quality  Control  in  Relation  to  Labor 

Robert  T.  Borth 

Manager,  Community  Relations,  General  Electric  Company 


The  nine-point  job  program  of  General  Electric  Co.  is  fully  described.  The  pro^m  represents  the  com¬ 
pany’s  effort  to  meet  the  expectations  of  employees  regarding  tneir  jobs.  Starting  with  a  survey  of  employee 
attitudes  about  the  company  and  about  their  jobs,  the  com|nny  condensed  the  findings  into  nine  basic  elements 
that  employees  expected  out  of  their  jobs  in  return  for  their  full  skill,  care,  and  effort  in  the  petformance  of 
their  daily  work.  The  program  is  described  from  the  standpoint  of  its  effect  on  the  quality  of  the  company’s 
products,  that  element  of  quality  control  which  reaches  heyond  technology  and  into  the  attitude  realm  of 
workers. 


IT  IS  a  pleasure  to  be  here  and  to  have  the 
opportunity  to  address  you.  I  am  not  a 
technical  man  in  your  field.  You  have 
already  heard  qualified  speakers  on  technical 
matters  about  which  you  are  concerned.  It  is  my 
desire,  therefore,  to  talk  to  you  with  an  alto¬ 
gether  different  approach  to  the  considerations 
of  quality  control. 

The  company  that  I  represent — General 
Electric — regularly  observes  the  technical  needs 
in  achieving  quality  control.  It  is  responsible, 
as  a  matter  of  fact,  for  the  conception,  the  re¬ 
search  for,  and  the  development  of  a  great 
number  of  devices  and  techniques  which  have 
that  sole  purpose. 

The  ingenuity,  persistence,  and  the  imagina¬ 
tion  of  the  engineers  responsible  for  the  devel¬ 
opments  in  our  research  laboratory  and  in  the 
factories  make  a  fascinating  record,  full  of  in¬ 
spiration  and  compel  admiration. 

The  General  Electric  objective  to  provide 
more  and  better  things  for  better  living  for 
everyone  is  more — much  more — than  a  slogan 
— it  is  a  philosophy  of  being — an  end  in  itself. 

There  are  the  scorners,  I  might  add,  who 
point  to  the  fact  that  man  is  no  better  off  be¬ 
cause  he  has  more  refrigerators,  more  electric 
fans  and  blankets,  more  light,  more  heat — per¬ 
haps  not,  but  his  life  is  easier  because  of  them 
— and  he  feels  better  about  living  because  of 
them — and  scorners  certainly  are  not  rejecting 
either  for  themselves. 

You  are  well  acquainted  with  the  great  num¬ 
ber  of  devices  used  in  setting  up  good  quality 
controls  and  I  will  not,  therefore,  go  any  fur¬ 
ther  with  discussion  in  that  direction. 

But  about,  easier  living  and  of  better  feeling 
I  intend  to  say  something  more — that  is,  as  it 
relates  to  quality  control. 


For  all  of  its  nearly  60  years  of  existence. 
General  Electric  without  question  has  made 
quality  control  for  its  products  a  prime  requi¬ 
site,  and  it  has  a  record  in  this  regard  for 
which,  as  I  have  already  gently  hinted,  it  feels 
considerable  pride — quality  control  that  grows 
out  of  the  application  of  technical  principles. 

There  came  the  day,  however,  when  it  was 
clear  that  something  more  than  technical  con¬ 
siderations  were  needed — even  though  those 
technical  considerations  had  yielded  many  fruits 
and  would  continue  to  yield  even  more  fruits. 

But  it  became  increasingly  certain  that  to  en¬ 
large  productivity  of  the  individual,  technical 
applications  were  not  enough — something  more 
should  be  done — another  ingredient  added. 

The  question  then  arose  as  to  what  ingre¬ 
dient  was  needed  over  and  above  technology 
that  would  push  productivity  toward  the  max¬ 
imum  that  would  provide  more  people  with 
.  more  goods  at  relatively  less  cost. 

People  and  their  attitudes,  of  course!  They 
run  the  machines.  Their  productivity  helps 
create  wealth  for  all — their  skills  are  the  ulti¬ 
mate  quality  controls.  If  the  men  and  women 
in  the  plants  were  unwilling  to  remain  at  work 
steadily,  and  were  indifferent  to  the  quality  of 
the  products  they  helped  produce,  production 
and  quality  were  bound  to  suffer — and  they  did. 

There  are  a  number  of  reasons  for  post-war 
attitudes  of  workers  in  the  plants — conse¬ 
quences  rising  out  of  the  exigencies  of  war  con¬ 
ditions  and  the  lesser  quality  of  workers 
absorbed  under  wartime  manpower  shortages, 
etc. — but  these  matters  are  not  part  of  the  point 
I  wish  now  to  make. 

What  General  Electric  wanted  to  stimulate 
was  this  matter  of  the  workers  "feeling  better” 
— feeling  better  about  their  jobs,  and  their 
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wages,  and  their  working  conditions,  and  their 
bosses,  and  their  employer. 

This,  we  believed,  wholly  apart  from  the 
spiritual  values,  would  mean  the  difference  be¬ 
tween  average  quality  and  top  quality  of  the 
products  the  workers  helped  to  make.  It  would 
get  at  that  percentage  of  improvement  not 
touchable  by  technology. 

The  next  problem  was  how  to  attain  that 
"better  feeling”  of  employees.  What  was  it  that 
could  be  done  by  the  company  to  make  them 
understand  how  important  to  their  economic 
welfare  w'as  .their  own  productivity — how  im¬ 
portant  it  was  to  their  economic  welfare  to  pro¬ 
duce  goods  that  were  better  in  quality  than  our 
competitors, — how  to  make  them  understand 
that  this  meant  continuing  jobs  for  them  and 
better  wages — all  the  benefits  of  working  for  a 
thriving  enterprise — and  their  individual  eco¬ 
nomic  success. 

Having  decided  to  seek  a  solution.  General 
Electric  first  sought  to  learn  from  the  em¬ 
ployees’  own  lips  what  would  make  them  "feel 
better”  about  their  jobs — and  to  learn  where 
the  company  had  failed  them  in  providing  what 
they  expected  of  their  jobs. 

The  company  already  possessed  two  things 
that  were  needed  to  stay  in  business  and  to 
remain  successful  in  business — it  was  the  third 
element  that  we  lacked  and  which  we  were 
striving  to  achieve.  We  had,  for  one  thing, 
satisfied  product  customers — our  products  were 
considered  good  in  quality  and  fair  in  price. 

We  had  the  second  thing  needed — satisfied  . 
stockholders — they  thought  we  were  running 
the  business  well  and  that  the  return  for  their 
risk  was  reasonable. 

But  the  third  thing — satisfied  job  customers 
— we  did  not  have.  Employees  thought  the 
management  incompetent  at  running  the  busi¬ 
ness,  that  the  business  was  being  operated  in  a 
way  that  was  against  the  interest  of  the  em¬ 
ployees,  that  our  profits  were  stolen,  and  that 
we  were  a  dishonest,  selfish,  money-grabbing 
lot  without  a  decent  regard  for  our  responsi¬ 
bilities  to  individual  employees  or  for  our  civic 
obligations. 

In  determining  what  it  was  the  employees 
expected  their  jobs  to  provide,  we  employed 
established  methods.  For  example,  in  the  prod¬ 
uct  field  we  had  learned  the  wisdom  of  exhaus¬ 
tive  search  and  objective  accuracy  in  determin¬ 


ing  what  the  customer  wants,  why  he  thinks  he 
wants  it  or  wants  it  a  certain  way,  when  he 
wants  it,  how  much  he  thinks  it  is  worth,  and 
how  he  wants  it  delivered. 

We  had  also  learned  the  value  of  finding  out 
how  right  or  wrong  the  customer  is  in  his 
understanding  of  the  present  possibilities  for 
supplying  what  he  desires  or  expects.  We 
learned  how  to  take  advantage  of  all  this  infor¬ 
mation  in  devising  the  kind  of  a  product  the 
customer  wants.  And  we  learned  how  to  do  it 
within  the  price  the  customer  can  and  will  pay. 

In  this  same  way  we  sought  the  employee’s 
likes  and  dislikes  about  his  job;  what  he  under¬ 
stands,  misunderstands,  or  just  doesn’t  know 
about  his  job.  We  have  inquired  into  what  he 
does  and  does  not  understand  about  the  social 
and  economic  influences  which  surround  his  job 
with  opportunities  and  limitations. 

We  looked  for  the  motives  and  beliefs  which 
determine  whether  or  not  he  will  come  to  work 
promptly,  regularly,  and  in  an  agreeable  mood; 
the  things  that  determine  whether  or  not  he 
will  give  his  full  skill,  care,  and  eflFort  while 
working;  and  the  events  and  impressions  that 
determine  whether  or  not  he  will  go  home  rea¬ 
sonably  satisfied  with  his  associations  and 
accomplishments  at  the  end  of  the  day. 

Our  investigations  into  what  the  employee 
expected  of  his  job  brought  out  nine  basic 
points — and  if  some  of  you  have  heard  about 
General  Electric’s  nine-point  job,  this  is  what 
is  meant  by  it.  I  will  describe  now  those  nine 
expectations  of  the  employee,  and  with  each  of 
them  I  will  explain  what  the  company  is  doing 
to  fulfill  his  desires. 

Employees  said  they  expected  from  their 
jobs: 

1.  Pay  that  is  right — all  things  considered — 
for  the  skill,  care  and  full  day’s  eflFort  as  meas¬ 
ured  by  reasonable  modern  standards;  also, 
extra  financial  benefits  such  as  pensions;  awards 
for  ideas,  free  life  insurance,  scholarships,  and 
paid  vacations. 

How  we  are  meeting  this  expectation:  Our 
wages  and  salaries  are  in  line  with  comparable 
jobs  in  our  plant  communities.  We  provide  the 
extra  financial  benefits,  including  a  good  and 
fair  pension  program;  a  liberal  life  insurance 
plan;  health  insurance  and  hospitalization 
plans;  paid  vacations  and  holidays;  awards  for 
suggestions  and  ideas;  scholarship  awards;  fel- 
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lowship  awards;  a  savings  plan  that  provides  a 
15  percent  bonus  of  G-E  stock;  relief  and  loan 
plans;  special  recognition,  such  as  our  annual 
Coffin  Awards  honoring  deeds  of  outstanding  . 
merit. 

2.  Working  conditions  that  are  as  good  as 
they  can  be  made  at  the  moment,  that  are  regu¬ 
larly  improved,  constantly  studied  for  further 
improvements,  and  about  which  suggestions 
from  employees  are  welcomed;  well-run  plant 
conveniences,  such  as  cafeterias  and  parking 
lots,  and  the  like. 

How  we  are  meeting  this  expectation: 

We  have  had  an  outstanding  record  for  many 
years  and  we  are  constantly  improving  the 
working  conditions.  Many  of  our  plants  have 
won  safety  awards  from  the  National  Safety 
Council,  and  our  company  safety  record  is  in 
the  upper  brackets.  We  are  striving  to  improve 
and  extend  cafeteria  services,  parking  areas, 
recreational  facilities — all  those  things  that  em¬ 
ployees  consider  valuable  to  them. 

3.  Supervision  that  is  technically  competent, 
competent  as  leaders,  and  competent  as  coun¬ 
sellors  wherever  personal  aid  is  sought  by 
employees. 

What  we  are  doing  about  this  expectation: 

We  provide  our  approximately  15,000  super¬ 
visors  with  regular  data  about  company  policies, 
plans,  and  operations.  We  distribute  to  them 
weekly  bulletins  that  keep  them  informed  about 
important  subjects  affecting  the  interests  of  em¬ 
ployees,  such  as  data  about  economic  matters, 
social  developments,  union  negotiations,  of 
plans  for  new  activities.  Our  managers  conduct 
forums,  Conferences,  and  meeting  with  super¬ 
visors  and  foremen  to  discuss  information  ateut 
the  company’s  affairs,  so  that  each,  in  turn  may 
be  in  a  position  to  do  likewise  with  his  em¬ 
ployees.  Employee  newspapers  print  personally 
signed  management  messages  on  plant  affairs. 
We  provide  opportunities  for  the  development 
of  technical  skills  of  supervisors.  We  encourage 
and  actively  aid  supervisors  to  develop  as  lead¬ 
ers  by  training  courses  that,  among  other  things, 
place  particular  emphasis  on  the  duties  and 
responsibilities  relating  to  "human  considera¬ 
tions”  in  the  performance  of  their  responsibil¬ 
ities.  We  strive  in  every  way  to  make  them 
better  bosses — not  drivers. 


4.  Job  security  to  the  greatest  possible  degree 
as  the  result  of  teamwork  of  employees,  man¬ 
agement,  stockholders,  and  customers. 

What  we  are  doing  about  this  expectation: 

We  have  taken  positive  action  with  this  aim 
in  view,  such  as  scheduling  of  production  wher¬ 
ever  possible  in  such  a  way  as  to  maintain  year- 
round  production  on  seasonal  products.  We  are 
constantly  extending  more  care  in  planning 
manufacturing  &nd  sales  that  will  lead  to  sta¬ 
bility  of  operations  and  thus  to  steadiness  of 
jobs.  We  do  everything  possible  to  hold  layoffs 
to  a  minimum  by  shifting  workers  to  other 
jobs. 

5.  Respect  for  basic  human  dignity. 

What  we  are  doing  to  meet  this  expectation: 

We  constantly  counsel  supervisors,  particu¬ 
larly  through  group  meetings,  about  the  spir¬ 
itual  values  employees  expect  from  their  jobs 
and  we  instruct  them  in  how  to  "put  the 
human  considerations  first.” 

In  the  same  spirit,  we  practice  in  all  phases 
of  the  company’s  relationship  with  employees 
those  acts  and  that  behavior  which  reflect  our 
respect  for  each  employee  as  an  individual. 

6.  Promotion  as  fast  as  there  are  opportu¬ 
nities  and  on  a  strictly  fair  basis,  and  that  indi¬ 
vidual  ability  and  ambition  be  aided  as  much  as 
p>ossible  through  training  on  the  job. 

How  we  meet  this  expectation  of  employees: 

Our  policy  is  to  promote  employees  to  the 
greatest  possible  extent,  and  to  do  so  with  strict 
fairness.  Great  numbers  of  our  management 
and  supervisory  force  has  passed  through  the 
ranks,  including  President  Wilson,  who  started 
in  G-E  shops  more  than  50  years  ago.  Many 
thousands  of  our  employees  are  participating  in 
company  training  programs  for  their  future 
advancement. 

7.  Information  on  management’s  objectives, 
policies,  problems,  plans,  successes  and  failures, 
and  current  expectations  for  the  section,  depart¬ 
ment,  and  company  as  a  whole.  Information 
about  economics,  social  affairs,  and  other  sub¬ 
jects  as  they  relate  to  employee  interests. 

What  we  are  doing  about  this  expectation: 

We  conduct  an  all-out  program  for  provid¬ 
ing  employees  with  information,  including  com¬ 
pany  policies,  activities,  and  plans.  Informa¬ 
tional  data  of  all  kinds  is  regularly  printed  in 
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employee  newspapers,  bulletins,  and  magazines. 
Supervisors  and  managers  hold  informative 
meetings  with  groups  of  employees  to  discuss 
everything  with  which  employees  are  concerned. 
We  provide  full  information  on  production  and 
sales,  profits,  and  our  prospects  for  the  imme¬ 
diate  and  distant  future.  We  send  letters  and 
other  literature  to  employees’  homes  to  keep 
them  and  their  families  informed  about  perti¬ 
nent  subjects.  We  place  great  emphasis  on 
what  we  call  two-way  communication.  We  want 
the  opinions  and  attitudes  and  wants  of  em¬ 
ployees  to  be  known  by  all  management  levels. 

8.  Belief  in  the  importance  of  the  individ¬ 
ual’s  job,  in  its  significance  and  challenge,  and 
in  the  employee’s  contributions  to  the  worth  of 
the  final  G-E  product. 

How  we  are  meeting  this  expectation: 

We  try  in  every  way  to  have  the  employees 
appreciate  how  their  jobs  relate  to  the  product 
as  a  whole.  We  provide  him  with  the  opportu¬ 
nity  to  see  other  sections  of  the  plants  so  that 
he  can  relate  his  activities,  to  the  combined 
efforts — to  understand  how  his  job  plays  a  part. 
We  endeavor  to  wipe  out  any  notions  that  the 
company  considers  any  job  unimportant  or  the 
doer  of  the  job  as  insignificant. 

We  strive  to  teach  the  employee  to  under¬ 
stand  that  all  parts  of  a  product  are  vital  to  the 
finished  product.  We  constantly  remind  him 
that  the  products  to  which  he  contributes  are 
used  by  himself  and  his  neighbors  and  that  they 
contribute  to  a  more  comfortable  standard  of 
living  for  all. 

9.  Satisfaction  that  comes  from  being  home 
with  the  family  after  a  day’s  work  and  having 
the  feeling  that  something  worthwhile  has  been 
accomplished  by  his  day’s  work;  that  the  accom¬ 
plishment  has  gained  the  attention  and  earned 
the  respect  and  gratitude  of  his  fellow  em¬ 
ployees  at  all  levels,  and  that  the  job  is  a  good 
one  to  return  to  the  next  day  and  on  following 
days. 

How  we  are  meeting  this  expectation: 

We  express  our  appreciation  of  the  em¬ 
ployee’s  efforts  by  every  means  at  our  disposal. 
We  seek  to  have  foremen  and  supervisors  try 
to  make  the  employee  understand  that  we 
appreciate  his  good  work. 

We  emphasize  that  the  quality  of  the  work 
makes  it  possible  for  the  company  to  compete 


successfully  with  other  makes  of  a  similar  prod¬ 
uct,  and  that  the  individual’s  work  is  the  cause 
of  the  confidence  or  lack  of  it  placed  on  G-E 
products  by  customers;  that  the  employee  can 
make  or  break  G-E’s  reputation  of  quality  by 
the  good  or  bad  results  of  his  work. 

We  are  working  hard  to  nurture  the  wanted 
nine-point  job  into  full  bloom.  We  are  w'holly 
satisfied  that  it  is  right,  and  we  want  to  do 
right  voluntarily. 

We  are  well  embarked  upon  our  course  now 
and  have  been  working  on  the  policy  of  put¬ 
ting  "the  human  considerations  first”  long 
enough  to  satisfy  us  about  its  values. 

There  is  another  important  side  of  our  activ¬ 
ities  that  I  will  describe  briefly.  It  belongs  inti¬ 
mately  to  the  nine-point  job.  This  is  our  simul¬ 
taneous  effort  to  supply  the  neighbors  of  our 
plant  communities  with  the  same  information 
given  to  our  employees. 

We  recognize  that  an  employee  may  leave 
the  plant  at  the  end  of  a  day  satisfied  with  his 
work  and  with  his  boss  and  with  the  company, 
but  after  mingling  with  his  family  and  neigh¬ 
bors  he  may,  through  their  attitudes,  doubt  the 
satisfactions  he  felt  when  he  left  the  plant  for 
the  night.  Their  uninformed  attitudes,  where 
they  may  be  unfavorable  about  the  company, 
unquestionably  affect  his  point  of  view;  his 
own  feelings. 

We  feel  that  if  the  whole  community,  as  well ' 
as  the  employee’s  family  and  friends  and  neigh¬ 
bors  have  the  same  facts,  and  the  opportunity  to 
judge  G-E  from  these  facts,  that  an  atmosphere 
would  grow  in  the  community  which  would 
tend  to  support  the  employee’s  favorable  views 
rather  than  to  undermine  them. 

For  this  reason,  we  distribute  throughout  the 
community,  literature  that  describes  the  com¬ 
pany’s  working  conditions,  policies,  operations, 
and  informational  data  of  all  kinds.  The  plants, 
through  paid  advertising  space  in  the  local 
newspapers,  print  our  messages,  which  fre¬ 
quently  discuss  controversial  economic  and 
social  questions  that  are  current  and  that  affect 
employee  interests.  The  same  messages  are 
printed  in  our  publication,  'The  Commentator,” 
distributed  to  all  the  thoughtful  people  in  the 
community,  such  as  the  civic  leaders,  educators, 
clergy,  other  employers,  and  fraternal  and  other 
organizations. 
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The  policy  we  follow,  or  point  of  view  we 
hold,  on  any  matter  receives  widespread  dis¬ 
semination.  From  this  it  is  our  hope  that  atti¬ 
tudes  toward  the  company  in  every  community 
will  be  based  on  knowledge  rather  than  on 
ignorance — that  the  community  will  be  able  to 
determine  for  itself  whether  General  Electric  is 
living  up  to  its  announced  policies  and  objec¬ 
tives. 

We  want  to  be  a  good  neighbor  and  a  good 
citizen  in  every  community,  as  well  as  of  the 
nation,  and  to  be  known  as  such.  We  want  to 
do  what  is  right,  and  we  want  everyone  to 
know  that  we  are  fulfilling  our  obligations  and 
responsibilities  as  an  employer,  as  managers  of 
the  business,  as  a  citizen,  and  as  a  neighbor. 

We  are  fully  aware  that  we  must  speak  out 
for  those  things  we  believe  in,  and  not  meekly 
or  arrogantly  refuse  to  counter  the  strong  voices 
that  rail  against  business  and  against  the  present 
economic  and  competitive  business  system  of 
the  country. 

We  try  in  every  way  we  can  to  present  sound 
economic  information  and  sound  views  on 
social  actions  that  are  proposed.  We  do  every¬ 
thing  we  can  to  interest  other  employers  and 
other  organizations  to  take  an  active  part  in 
such  activities. 

But  that  is  another  story  and  extends  beyond 
my  theme  for  today. 

Returning,  however,  to  consideration  of  the 
nine-point  job  I  have  outlined,  I  would  like  to 
make  some  final  observations. 


We  do  not  believe  that  our  efforts  have  gone 
to  waste.  As  a  matter  of  fact,  we  have  reassur¬ 
ing  evidences  of  success  about  our  policy  of 
"putting  the  human  considerations  first.” 

I  need  hardly  say  that  in  launching  the  pro¬ 
gram  described  that  it  was  not  received  enthu¬ 
siastically  by  all  people — the  new  responsibility, 
in  many  ways,  amounts  to  a  wholly  new  way  of 
life.  We  are  convinced  that  in  isolated  in¬ 
stances  this  new  way  of  life  will  not  take  hold 
fully  for  perhaps  another  generation.  Time 
alone  will  solve  certain  problems. 

But  in  the  importantly  broad  phases  of  our 
effort  to  create  a  new  set  of  values  we  are  mov¬ 
ing  steadily  forward — even  spectacularly  for¬ 
ward  in  some  areas. 

We  believe  that  the  attitudes  of  our  nearly 
175,000  employees  are  improved — that  they 
believe  we  of  management  are  really  on  the 
employees’  side. 

We  believe  that  our  employees  have  a  better 
understanding  of  the  competitive  enterprise 
system  under  which  all  of  us  work. 

We  believe  that  the  attitudes  in  our  plant 
cities  are  improved. 

The  test  of  the  effectiveness  of  our  program 
will  come  at  the  union  negotiation  tables,  in 
the  plants  where  our  employees  make  our  prod¬ 
ucts,  in  the  meeting  places  of  citizens. 

General  Electric  believes  its  program  to  be 
sound  business,  sound  planning,  sound  prin¬ 
ciple,  and  also  immensely  effective  in  the  qual¬ 
ity  of  its  products. 


Discussion 

Air.  J., Grant,  Jr.  (Burritt  Lumber  Sales  Co., 
Inc.):  What  are  you  doing  about  the  locations 
where  the  program  is  either  not  moving  for¬ 
ward  or  not  moving  rapidly  enough.^ 

Mr.  Borth:  We  carry  on  a  continuous  cam¬ 
paign  throughout  the  Company  to  educate  man¬ 
agement  and  supervision  about  the  necessity  for 
carrying  out  the  spirit  and  the  letter  of  our 
9-point  Job  Program. 

Air.  G.  E.  Tower  (Forest  Fiber  Products 
Company) :  Would  you  care  to  make  any  com¬ 
ment  as  to  what  you  think  is  the  relative  im¬ 
portance  of  the  9-Point  Program  in  the  G.  E. 
program — are  human  considerations  more  im¬ 
portant  or  are  economic  considerations  more 


important.^  For  examplefare  factors  influencing 
the  feeling  of  the  individual  worth  more  than 
wages  paid.^ 

Air.  Borth:  The  fundamental  reason  for  cre¬ 
ating  a  business  is  the  hope  of  profit.  There¬ 
fore,  speaking  basically,  the  first  consideration 
of  a  business  must  be  to  operate  in  such  a 
manner  as  will  return  a  profit  to  its  owners.  In 
this  sense,  economic  considerations  may  be  said 
to  hold  first  place.  However,  since  business  is 
operated  by  human  beings  and  is  directed  by 
their  intelligences  and  spirits  and  energies,  and 
upon  whom  business  depends  for  its  success, 
human  considerations  must  be  placed  on  a  par 
with  economic  considerations.  There  was  a  time 
in  the  earlier  history  of  business  and  industry 
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when  it  advanced  so  rapidly  technologically 
that  human  values  were  shunted  into  the  back¬ 
ground.  But  later,  even  though  technological 
progress  continued  to  advance,  consideration 
for  human  factors  in  business  and  industry  be¬ 
came  more  and  more  emphasized.  Today  there 
is  no  question  that  economic  and  human  con¬ 
siderations  are  equally  important.  For  example, 
no  business  can  survive  for  long  that  attempts 
to  disregard  human  beings  in  the  manner  that 
business  once  did.  Any  business  has  four  great 
publics  to  satisfy — its  customers,  its  employees, 
its  stockholders,  and  the  public  at  large.  With¬ 
out  the  good  will  of  all  of  these,  any  business 
will  soon  fail. 

We  believe  we  should  "put  human  consider¬ 
ations  first”,  but  in  doing  so,  G.  E.  cannot 
ignore  sound  economic  considerations  any 
more  than  any  other  business  can.  The  customer 
pays  the  bills  and  he  compels  us  to  make  a 
quality  product  at  less  cost  than  our  competi¬ 
tors;  if  we  do  not,  he  will  buy  our  competitor’s 
products.  In  the  last  analysis  then,  the  customer 
determines  whether  or  not  we  are  going  to  stay 
in  business.  The  skill  of  our  employees  and 
management  determines  whether  or  not  we  are 
going  to  satisfy  our  customers  better  than  our 
competitors. 

Mr.  D.  S.  Smith  (Oregon  State  College) : 
Did  the  employee  feel  at  any  time  that  the 
employer  was  becoming  paternalistic  toward 
him? 


Mr.  Borth:  I  am  sure  I  cannot  say  whether 
such  a  feeling  did  or  did  not  exist.  I  can  only 
give  an  opinion  and  that  opinion  is  that  there 
is  no  sound  basis  for  thinking  that  the  Com¬ 
pany  is  being  paternalistic  toward  the  em¬ 
ployees.  The  reason  for  this  opinion  is  that  the 
Company  in  establishing  wage  rates,  salary 
levels,  and  benefit  programs,  such  as  pensions, 
insurance,  hospitalization,  etc.,  endeavors  to  be 
fair  in  all  its  actions.  The  Company  needs  em¬ 
ployees — good  employees — and  to  get  them  it 
must  offer  something  more  than  competing 
employers  offer  them.  Good  employees  and 
good  management  have  made  the  Company 
successful,  and  because  it  is  successful,  it  is 
unquestionably  better  able  to  act  more  gener¬ 
ously.  An  unsuccessful  business  is  not  in  a  posi¬ 
tion  either  to  be  over-generous  or,  as  a  matter 
of  fact,  to  remain  around  very  long.  We  ex¬ 
press  these  facts  to  our  employees  and  to  the 
public  regularly  and  I  think  our  actions  are  not 
considered  "paternalistic”. 

Mr.  R.  Dingman  (Klok  Institute) ;  Will  the 
program  work  ? 

Mr.  Borth:  Yes,  it  is  working.  The  record 
proves  that  we  are  getting  rewards  in  produc¬ 
tion  that  are  not  attributable  alone  to  techno¬ 
logical  developments.  Improving  quality  in  our 
products  is  another  proof.  A  third  factor  of 
proof  establishing  the  value  of  the  program  is 
our  better  relationships  with  employees;  and  a 
fourth  is  improved  attitudes  of  the  general 
public  in  our  plant  communities. 
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Nondestructive  Testing  for  Forest  Products 

George  Kitazawa 

Wood  Technologist,  Timber  Engineering  Co.,  Washington,  D.  C. 


The  susceptibility  of  wood  to  mechanical  vibration  is  the  basis  for  the  nondestructive  test  here  described. 
The  frequency  of  vibration  is  used  as  a  measure  of  the  stiffness  of  the  wood  items  in  test.  Comparison  of  the 
stiffness  values  by  the  dynamic  and  static  tests  are  presented. 


Introduction 

N  RECENT  years  nondestructive  testing  of 
materials  as  a  means  for  rapid  and  compre¬ 
hensive  quality  control  has  been  evaluated 
in  a  number  of  research  laboratories  here  and 
abroad.  As  its  name  denotes,  nondestructive 
testing  is  actually  an  inspection  of  samples  for 
defects  or  an  over-all  measurement  of  a  physi¬ 
cal  property  without  subjecting  such  samples  to 
destructive  tests  as  is  frequently  the  case  in 
many  testing  procedures.  Such  inspection  has, 
therefpre,  the  singular  advantage  in  that  all 
items  to  be  used  in  service  can  be  examined, 
thereby  eliminating  the  probability  element 
connected  with  random  sampling  techniques 
frequently  applied  in  quality  control. 

What  are  some  nondestructive  tests  appli¬ 
cable  to  wood?  These  are  primarily  of  two 
types,  the  detection  of  defects  and  the  evalua¬ 
tion  of  stiffness  or  rigidity.  The  first  includes 
X-ray  examination  of  wood  in  which  X  rays 
are  transmitted  through  the  item  in  question 
revealing  the  varying  densities  and  thicknesses 
in  light  and  dark  patterns.  In  such  an  examina¬ 
tion,  decay,  wet  areas,  and  metallic  objects  can 
be  readily  located.  Another  example  of  the 
same  type  of  test  is  the  search  by  mine-detectors 
for  eml^dded  nails  in  logs  as  practiced  at  many 
veneer  and  sawmills.  The  second  type  of  non¬ 
destructive  test  for  stiffness  evaluation  of  wood 
by  mechanical  vibration  is  the  subject  of  this 
paper. 

Resonant  Frequency 

Wood  like  other  elastic  materials  can  be 
made  to  vibrate  under  impact  or  a  forced  ex¬ 
ternal  vibration  of  a  suitjible  frequency  known 
as  the  resonant  frequency.  This  frequency  can 
also  be  described  as  the  value  giving  the  max¬ 
imum  vibratory  motion  in  an  elastic  body.  Its 
numerical  value  will  depend  on  the  stiffness  of 


wood,  the  density,  physical  dimensions,  and  the 
direction  of  vibration.  The  stiffness  is  usu¬ 
ally  expressed  as  the  dynamic  modulus  of 
elasticity  to  distinguish  it  from  the  modulus  of 
elasticity  obtained  by  the  standard  static-testing 
procedures. 

The  xylophone  illustrates  the  principle  of 
resonance.  When  the  wood  bars  are  struck,  the 
notes  represent  resonant  frequencies  in  which 
the  length  of  the  bar  controls  the  pitch.  The 
stiffness  of  the  bar  is  related  to  its  pitch. 

Although  it  would  appear  that  many  vari¬ 
ables  are  involved  in  the  resonant  frequency 
determinations,  a  number  of  these  can  be  elimi¬ 
nated  by  standardizing  the  size  of  the  speci¬ 
mens  to  be  tested  as  would  normally  be  the 
case  for  a  production  item.  When  the  shape 
and  size  are  fixed  from  one  sample  to  the  next, 
the  resonant  frequency  can  be  used  as  an  index 
of  the  ratio  of  stiffness  to  density.  Further,  if 
density  or  weight  is  known,  the  modulus  can 
then  be  expressed  in  terms  of  the  resonant  fre¬ 
quency.  In  the  inspection  of  production  items, 
two  measurements  are  thus  required,  the  reso¬ 
nant  frequency  and  the  weight  of  each  sample. 

To  obtain  resonant  conditions  two  modes  of 
vibration  can  be  employed.  The  beam  can  be 
made  to  vibrate  transversely  in  bending — such 
as  would  be  the  case  of  a  lath  held  firmly  at 
one  end  with  the  free  end  made  to  vibrate 
transversely  upon  flexure.  For  this  cantilever 
setup,  Hearmon  (3)  of  the  Forest  Products 
Research  Laboratory  of  England  has  carried  out 
investigations  on  the  relationship  of  the  mod¬ 
ulus  of  elasticity  to  resonant  frequency. 

The  second  mode  of  vibration  is  a  longitu¬ 
dinal  one  in  which  the  beam  lengthens  and 
shortens  in  vibration  along  the  grain.  For  ex¬ 
ample,  a  wood  beam  struck  a  sharp  blow  on 
one  end  will  emit  a  tone  produced  by  this 
longitudinal  vibration.  This  frequency  is  much 
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higher  than  the  one  generated  by  the  transverse 
vibration  of  the  same  beam.  The  Forest  Prod¬ 
ucts  Laboratory  at  Madison  reports  that  the 
tone  of  hickory  handles  when  dropped  upright 
on  a  hard  surface  can  be  used  as  a  qualitative 
measure  for  the  grading  of  handles  (4).  This 
same  laboratory  has  been  carrying  out  studies 
to  establish  the  relationships  between  dynamic 
and  static  testing. 

Mathematical  Relationships 

In  the  literature  on  vibration  of  isotropic 
materials,  equations  have  been  derived  for 
beams  in  transverse  and  longitudinal  vibration. 
These  equations  are  usually  found  in  most 
books  on  sound  and  vibration,  and  therefore 
need  not  be  treated  in  detail  here.  Most  of 
these,  however,  do  not  take  into  consideration 
shear  deformation  and  the  anisotropic  property 
of  wood.  Obert  and  Duvall  (5)  have  summa¬ 
rized  some  of  the  correction  factors  that  are  in¬ 
volved  for  an  isotropic  material.  The  accuracy 
of  the  uncorrected  equations,  nevertheless,  is 
sufficient  for  many  purposes. 

The  basic  relationship  involving  frequency, 
modulus  and  density  is 

'“-/I 

where  f  =  natural  resonant  frequency 

E  =  dynamic  modulus  of  elasticity 

and  d  =  density 

To  equate  the  foregoing  into  an  equation  con¬ 
venient  for  use,  proportionality  constants  are 
determined  whose  values  are  derived  from  the 
size  and  shape  of  the  wood  item,  and  the  mode 
of  vibration.  This  equation  becomes 

E  =  kWP _ I 

where  E  =  dynamic  modulus  of  elasticity  in 
p.s.i. 

k  =  a  constant,  the  beam  factor 
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W  =  total  weight  of  the  item  in  grams 
or  pounds  dependent  on  the  k 
value  used 

and  f  =  resonant  frequency  in  cycles  per 
second  (c.p.s.) 

The  equations  (2)  used  in  calculating  k  for 
the  two  modes  of  vibration  are  presented.  For 
transverse  vibration. 


where  fL  =  natural  resonant  frequency  in  c.p.s. 
for  transverse  vibration 
C  =  3.56  for  fundamental  frequency  of 
beams  supported  at  0.224L  from 
each  end 
g  =  386  in. /sec.® 

El  =  dynamic  modulus  of  elasticity  in 
p.s.i. 

I  =  moment  of  inertia  in  in.'* 
w  =  weight  of  unit  length  beam  in 
Ib./in. 

and  L  =  beam  length  in  inches 


For  longitudinal  vibration. 


where  ^Lc  =  natural  resonant  frequency  in  c.p.s. 
for  longitudinal  vibration 
n  =  1  for  fundamental  frequency  of 
beams  supported  at  the  midpoint 
L  =beam  len^h  in  inches 
g  =  386  in./sec.® 

Elc  =  dynamic  modulus  of  elasticity  in 
p.s.i. 

and  d  =  density  in  Ib./in.* 

Some  beam  factors  evaluated  from  Equations 
II  and  III  are  listed  in  table  1.  These  are  cal¬ 
culated  for  two  standard  size  specimens  used  in 
the  static  testing  of  wood. 

An  illustrative  example  of  the  use  of  the 
beam  constant  in  determining  the  dynamic 


Table  1. — Beam  Factor  Constants 

Transverse  vibration  Longitudinal  vibration 


Weight  Weight 

Test  beam  size  Beannifactor  express  in  Beam  factor  expressiMl  in 

Inches 

4.2  lb.  7.8x10-2  lb. 

2x2x30 .  9.1x10-2  grams  1.7x10-*  grams 


.  .  2.1x10-2  lb. 

2x2x8 — - - - - -  -  -  4.6x10-*  grams 
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modulus  of  a  standard  beam  2x2x30  inches  in 
size,  weighing  2.0  pounds,  and  resonating  at  a 
frequency  of  350  c.p.s.,  is  given  below: 

E  =  kWf* 

E  =  4.2x2.0x350*  =  1.0xl0«  p.s.i. 

In  Equations  II  and  III  reference  is  made  to 
the  fundamental  resonant  frequency.  Elastic 
materials  when  set  into  vibration  do  not  vibrate 
at  only  one  but  at  a  number  of  frequencies 
which  are  multiples  of  the  fundamental.  The 
lowest  component  frequency  is  the  fundamental 
and  is  the  one  sought  in  the  application  of  the 
equations  here  described. 

Equations  II  and  III  can  be  combined  to  give 
a  relationship  that  will  compare  the  two 
moduli,  one  for  transverse  and  the  other  for 
longitudinal  vibration.  The  relationship  of  the 
dynamic  moduli  to  the  resonant  frequencies 
becomes 


or  in  terms  of  the  moduli 

0.019  . ,v 

The  foregoing  reveals  that  for  a  2x2x30-inch 
beam  the  longitudinal  vibration  frequency  is 
7.3  times  the  transverse  for  uncorrected  condi¬ 
tions.  In  the  static  testing  of  wood,  Equation 
IV  is  taken  to  be 


Vibration  Equipment  and  Procedure 

Fig.  1  is  a  schematic  diagram  of  the  appa¬ 
ratus  and  the  methods  for  driving  the  beams. 
A' calibrated  variable  frequency  audio  oscillator 
generates  an  alternating  voltage  that  is  ampli¬ 
fied  to  drive  the  vibrator,  either  a  dynamic 
loudspeaker  or  a  condenser  exciter. 

The  intensity  of  mechanical  vibration  is 
measured  by  the  crystal  pickup  that  converts 
the  mechanical  vibration  of  the  beam  into  an 
electrical  signal.  This  signal  is  fed  into  a  volt¬ 
age  amplifier  and  the  strengthened  signal  is 
projected  on  the  screen  of  fhe  oscilloscope.  The 
electronic  equipment  is  shown  in  Fig.  2. 

For  transverse  vibration  the  beam  is  placed 
on  the  supports  with  the  pickup  positioned  at 


the  center  of  the  beam  (Fig.  3).  The  audio  in¬ 
tensity  is  raised  to  a  level  sufficient  to  set  the 
beam  in  vibration  and  the  oscillator  is  timed 
until  the  resonant  frequency  is  reached  as  in¬ 
dicated  by  the  maximum  screen  deflection  on 
the  scope.  The  reading  on  the  dial  and  the 
weight  of  the  beam  are  recorded. 

In  the  case  of  longitudinal  vibration  the 
beam  is  stood  on  end  on  the  plates  of  the  con¬ 
denser  exciter  (Fig.  4).  When  a  high  direct 
current  voltage  is  placed  across  the  two  plates - 
of  this  condenser,  separated  by  a  suitable  in¬ 
sulator  and  excited  by  an  alternating  voltage, 
the  condenser  plates  will  repel  and  attract  each 
other  with  the  alternating  voltage.  Since  the 
heavy  base  plate  has  been  selected  for  high  in¬ 
ertia,  the  light  foil  resting  on  top  will  be  the 
plate  creating  the  mechanical  vibration.  This 
vibration  is  transmitted  directly  to  the  upright 
beam.  Although  shown,  midpoint  supports  are 
not  necessary. 

Conclusions 

The  dynamic  moduli  in  transverse  vibration 
as  calculated  by  Equation  I  averaged  about  10 
percent  higher  than  the  static  moduli.  This  dif¬ 
ference  has  been  found  in  tests  made  on  a 
number  of  standard  beams  of  different  kinds 
of  wood  ranging  in  moisture  content  from  6 
to  12  percent. 

The  dynamic  moduli  in  longitudinal  vibra¬ 
tion  cannot  be  compared  to  the  static  since  a 
specimen  of  length-to-width  ratio  of  15  is  in¬ 
volved.  However,  by  comparing  the  dynamic 
moduli  obtained  in  the  two  directions  of  vibra¬ 
tion,  it  is  possible  to  check  the  accuracy  of  the 
method.  The  average  of  values  is  about  1.1  for 
Equation  IV  and  is  in  good  agreement  with 
the  ratio  given  in  Equation  V  for  static  moduli. 

The  transverse  vibration  method  appears  at 
this  time  to  be  the  most  flexible  for  the  testing 
of  v'ood  products.  Usually,  no  contact  is  re¬ 
quired  between  the  vibrator  and  the  item  in 
test,  the  vibrating  air  column  being  sufficient  to 
drive  the  beam. 

As  mentioned  in  the  beginning,  this  nonde¬ 
structive  test  does  not  locate  defects.  However, 
the  presence  of  major  defects  is  made  known 
by  its  effect  on  the  modulus. 

Much  improvement  in  electronic  design  in 
present  equipment  assembled  from  standard 
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Fig.  1. — Schematic  diagram  of  nondestructive  testing  equipment  and  methods  of  vibration. 
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Fig.  4. — Longitudinal  vibration  of  a  beam.  A  is  the  test  specimen;  B  is  a  central  support;  C  the  foil 
plate  of  the  condenser  exciter;  D  the  base  plate;  and  E  is  the  crystal  pick-up. 
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radio  components  is  required  to  suppress  spuri¬ 
ous  frequencies  and  to  extend  the  frequency 
response  of  the  circuits.  For  example,  crystal 
pickups  are  not  satisfactory  for  registering 
longitudinal  vibrations  from  2x2x8-inch  col¬ 
umns  since  the  resonant  frequencies  are  greater 
than  10,000  c.p.s. 

Gire  must  be  exercised  in  the  design  of  sup¬ 
ports,  clamps,  and  jigs  for  holding  the  test 
item.  The  resonant  frequencies  of  such  systems 
should  be  outside  of  the  range  of  resonant  fre¬ 
quencies  found  for  the  production  item. 

Since  the  time  that  is  required  for  a  nonde¬ 
structive  test  depends  primarily  on  the  speed  of 
tuning  for  resonance,  this  test  is  rapid  and 
holds  forth  much  promise  as  another  tool  in 
the  quality  control  of  forest  products. 
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Impregnation  of  Wood  With  Solid  Metal  Alloys 

Frederick  H.  Vogel 

Professor  of  Forest  Utilization,  Alabama  Polytechnic  Institute,  Auburn,  Alabama 

A  praaical  method  is  described  for  impregnating  wood  with  solid  metal  alloys  for  use  in  bearings  exposed 
to  abrasive  dust  or  submerged  in  water.  The  imprecated  wood  has  sufficient  reserve  absorptive  capacity  to 
retain  additional  amounts  of  oils,  greases  or  waxes  for  self  lubrication.  Hardness  and  abrasion  resistance  are 
significantly  increased  by  metal  imprecation,  and  the  treated  wood  is  markedly  less  hygroscopic,  sowing 
greatly  improved  dimensional  stabilization.  Gluing  behavior  is  comparable  to  that  of  untreated  wood  except 
with  the  heaviest  impregnations  in  a  few  species. 


Introduction 

ETAL  impregnated  wood  is  not  a  new 
discovery,  nor  is  the  knowledge  of  it 
confined  to  the  United  States  of  Amer¬ 
ica.  The  material  has  been,  however,  largely  a 
laboratory  curiosity  here,  and  apparently  only  a 
few  technicians  have  worked  with  it.  Almost 
no  published  literature  on  the  subject  is  to  be 
found  in  reference  libraries,  although  several 
German  and  Czechoslovakian  factories  are 
known .  to  have  made  some  use  of  metalized 
wood  bearings  prior  to  World  War  II. 

Some  work  has  been  done  on  metal  impreg¬ 
nation,  metal-bath  drying,  and  dimensional  sta¬ 
bilization  of  wood  veneer  at  the  U.  S.  Forest 
Products  Laboratory,  and  several  patent  disclo¬ 
sures  have  been  made  by  Dr.  A.  J.  Stamm  of 
that  laboratory,  covering  immersion  of  wood  in 
molten  alloys.  The  author  worked  on  metal- 
impregnated,  self-lubricated  wooden  bearings 
during  the  year  1947  while  he  was  engaged  as 
a  research  technician  by  the  Timber  Engineer¬ 
ing  Company  of  Washington,  D.  C.,  but  no 
patent  disclosures  were  made  and  there  were 
no  publications  beyond  a  confidential  report  to 
the  client. 

While  the  conclusions  drawn  in  this  paper 
parallel  similar  ones  made  as  a  result  of  the 
confidential  work  done  at  the  TECO  labora¬ 
tories,  and  while  the  techniques  are  similar,  the 
results  presented  are  based  wholly  on  actual 
impregnations  and  tests  made  in  the  labora¬ 
tories  of  the  Alabama  Polytechnic  Institute 
Forestry  Department,  Auburn,  Alabama. 

Work  on  this  project  was  directed  toward  the 
development  of  treating  t^hniques,  and  toward 
the  study  of  hardness  and  other  physical  prop¬ 
erties.  The  scope  of  this  paper  includes  only 
treating  techniques,  limited  physical  properties 


of  impregnated  wood,  and  the  gluing  behavior 
of  the  material. 

Treating  Factors 

It  is  evident  that  the  treatment  of  wood  with 
molten  metals  is  quite  similar  to  treatment  with 
any  other  liquid,  whether  water  or  oil,  except 
that  much  higher  temperatures  are  involved, 
special  handling  techniques  must  be  employed 
to  cope  with  the  heated  equipment,  and  only 
small  blocks  lend  themselves  to  convenient 
treatment. 

Species 

Any  species  of  wood  may  be  treated  with 
metal,  but  the  retention  and  the  penetration 
will  vary  considerably  more  between  species 
than  it  will  in  the  case  of  treatment  with  water 
or  oil  solutions.  Explanation  is  readily  apparent 
when  metal-impregnated  wood  is  viewed  under 
magnification — the  metal  is  found  mostly  in  the 
lumens  of  the  larger  cells,  and  it  appears  to  be 
absent  from  the  cell  wall  structure,  whereas 
aqueous  solutions  may  be  found  both  in  the  cell 
cavities  and  within  the  cell  walls.  Hence,  reten¬ 
tion  of  metals  is  primarily  a  function  of  cell 
lumen  dimension  and  cell  void  proportion. 
Contrary  to  expectation,  the  ratio  of  retention 
to  original  wood  specific  gravity  bears  no  cor¬ 
relative  significance. 

Sapwood  Versus  Heartwood 

As  in  the  case  of  conventional  impregna¬ 
tions,  the  sapwood  of  every  species  treated  was 
more  receptive  to  impregnants  than  the  heart- 
wood  of  the  same  species.  There  is,  however,  a 
significantly  higher  retention  of  metal  in  heart- 
wood,  compared  with  sapwood,  than  is  found 
in  the  case  of  water  or  oil  treatments.  This 
seems  to  be  true  because  the  major  proportion 
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Table  1. — Comparative  Metal  Retention  of  Heartwood  and  Sapwood  of  Several  Speoes^ 


Grams  of  metaP 

Species  IH-inch  cube 

Sweet  gum,  sapwood  (Liquidambar  styraci/lua  L.) . W-SS 

Sweet  gum,  heartwood _  24.90 


American  ash,  sapwood  (.Fraxinus  americana  L.) 
American  ash,  heartwood _ 


36.08 

19.45 


Laurel  oak,  sapwood  (Quercuslauri/olia  Michx.) _  28.06 

Laurel  oak,  heartwood _  11.90 


Overcup  oak,  sapwood  (Quercus  lyrata  Walt.) _  46.12 

Overcup  oak,  heartwood - - -  9.80 


Average  all  sapwood _  47.89 

Average  all  heartwood _  16.61 

’Based  on  average  of  five  specimens  of  each  species,  sapwood  and  heartwood.  10  minutes  preheating;  3  minutes  at  200®C. 
at  50  psi. 

sCerrobend  alloy,  made  by  the  Cerro  de  PascolOopper  Co. 


of  the  penetration  of  molten  metals  occurs 
longitudinally  in  the  larger  cells  and  vessels 
which  are  relatively  more  easily  penetrated, 
even  when  partially  plugged  with  tyloses.  In 
some  species  such  as  southern  cypress  there  was 
comparatively  little  impregnation  of  either 
heartwood  or  sapwood  by  metals,  whereas  in 
other  species  such  as  sweet  gum  the  sapwood 
was  easily  and  very  heavily  treated  while  the 
heartwood  was  resistant. 

Temperature 

Metal  impregnation  may  be  accomplished  at 
any  temperature  between  two  roughly  defined 
limits:  the  lower  limit  is  the  melting  (or  solid¬ 
ifying)  point  of  the  particular  metal  alloy  em¬ 
ployed,  and  the  upper  point  is  the  charring 
temperature  of  the  particular  species  of  wood 
under  test.  It  is  well  known  that  eutectic  alloys 
of  lead,  tin,  cadmium  and  bismuth  may  be 
made  to  melt  at  temperatures  well  below  the 
boiling  point  of  water,  and  that  any  other  melt¬ 
ing  point  as  high  as  the  maximum  that  may  be 
sustained  by  wood  may  be  achieved  by  increas¬ 
ing  the  percentage  of  lead  or  tin  in  the  alloy. 
Wood  will  sustain  a  higher  temperature  when 
immersed  in  molten  metal  than  it  will  when 
heated  in  the  atmosphere.  If  it  be  desired  to 
study  the  gross  inner  structure  of  wood  by 
means  of  metal  cell  casts,  this  method  lends 
itself  well  to  that  end.  The  bath  temperature 
may  then  be  raised  momentarily  above  the  car¬ 
bonization  point,  whereupon  the  final  products 
will  be  impregnated  charcoal  and  the  usual  dis¬ 
tillates  of  wood.  Immersion  of  the  block  below 
the  surface  of  the  molten  alloy  prevents  com¬ 
plete  oxidation  of  the  charcoal  during  the  in¬ 
terim  of  temperature  and  pressure  when  the 
wood  undergoes  an  exothermic  reaction.  It  is 


hardly  necessary  to  state  that  the  alloy  bath 
should  be  reduced  in  temperature  before  the 
charcoal  is  extracted,  and  the  charcoal  must 
then  be  cooled  below  the  solidifying  tempera¬ 
ture  of  the  alloy  before  the  charcoal  is 
crumbled  away  from  the  casts. 

The  Forest  Products  Laboratory  has  worked 
on  the  ignition  temperatures  of  various  species 
of  wood,  and  has  found  the  answer  to  vary 
according  to  the  exposure  time.  Concisely 
stated,  any  species  of  wood  may  be  destroyed 
by  a  very  high  temperature  for  a  short  time,  or 
by  a  comparatively  low  temperature  over  a  long 
period  of  time.  Light-weight  species  prove 
more  susceptible  to  heat  damage  than  species 
of  high  specific  gravity,  but  that  difference 
gradually  disappears  at  temperatures  over 
300®  C. 

For  the  work  covered  by  this  paper,  a  treat¬ 
ing  temperature  of  200®  C.  was  employed,  and 
the  treating  bath  was  allowed  to  cool  to  180®  C. 
during  the  time  under  pressure. 

Pressure 

Pressures  as  low  as  50  psi.  result  in  excellent 
penetrations  and  retentions  in  small  wood 
blocks  of  many  species,  and  that  arbitrary  pres¬ 
sure  has  been  employed  for  all  the  work  re¬ 
ported  in  this  paper.  The  author  has  carried 
out  parallel  work  at  pressures  as  high  as  200 
psi.,  and  it  is  evident  that  various  species- 
groups  require  different  pressures  for  good  im¬ 
pregnation.  Thus,  species  such  as  the  gums  treat 
well  at  low  pressures,  and  nothing  is  to  be 
gained  by  higher  pressure  treatment.  On  the 
other  hand,  Douglas  fir  treats  well  only  at 
higher  pressures,  and  cypress  resists  treatment 
to  the  point  of  collapse. 
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Table  2. — Hardness  of  Untreated,  Metal-Bath-Treated,  and  Metal-Impregnated  Wood* 

Untreated  Metal-bath-treated^  •  f  » t  I  Metal-impregnated^ 

Species  End  Rad.  Tang.  End  Rad.  Tang.  End  Rad.  Tang. 

Sweet  gum,  sapwood .  1077  783  862  1280  700  975  •»  1497  1180  1287 

Liquidambar  styraci/lua  L.  ‘ 

Tupelo  gum,  sapwood _  1180  867  940  1450  812  1017  1550  1200  1400 

Nyaa  aqualica  L. 

American  ash,  sapwood _  855  570  477  842  551  <»  632  )  1550  1000  1053 

Fraxinus  americana  1>. 

Cjmress,  heartwood _  350  197  195  575  375  T  ?  390  [T  677  370  300 

Taxodium  dislichum  (L.)  Rich. 

Average .  865  604  618  1037  609  *  .  1 753  1318  937  1010 

’Based  on  average  of  five  specimens  of  each  species.  Standard  ball  indentation. 

>10  minutes  at  210°C. 


>10  minutes  preheating;  3  minutes  at  200°C.  at  50  psi. 

Time 

In  small,  preheated  wood  blocks,  maximum 
retention  is  attained  within  one  to  five  minutes 
from  the  time  of  application  of  pressure.  If  the 
blocks  are  not  adequately  preheated,  however, 
it  may  require  ten  minutes  or  more  additional 
treating  time.  For  the  work  included  in  this 
paper,  a  standard  time  was  adopted  of  ten 
minutes  heat  conditioning  followed  by  three 
minutes  under  pressure. 

Preheating 

It  is  recommended  that  all  wood  to  be  metal- 
treated  should  first  be  dried  to  a  low  moisture 
content,  then  immersed  in  an  open  bath  of 
molten  metal  slightly  above  the  treating  tem¬ 
perature  until  the  wood  is  heated  throughout. 
During  this  preheating  period,  the  molten 
metal  will  "boil”  vigorously  as  the  expanding 
air  and  escaping  steam  force  their  way  out  of 
the  wood.  It  is  quite  probable  that  high  inter¬ 
nal  pressures  are  built  up  within  the  wood  at 
the  first  of  this  period  because  the  bubbles 
escape  violently,  and  some  species  of  wood  such 
as  the  oaks  may  bulge  conspicuously  or  even 
explode.  Treatment  is  easy  after  about  ten 
minutes  of  heat  conditioning  at  210®  C. 

Subsequent  Treatment 
With  Other  Impregnants 

Metal  impregnated  wood  is  found  to  retain 
some  capacity  for  absorption  of  water  or  oil 
solutions  even  after  the  heaviest  retentions  of 
metal,  especially  if  the  subsequent  impregna¬ 
tion  is  made  at  elevated  pressures.  Hence,  self- 
lubricated  bearing  blocks  can  be  made  of  wood 
by  first  impregnating  with  a  suitable  alloy,  then 
with  whatever  lubricant  is'desired.  Oils,  greases 
and  waxes,  separately  and  in  mixture,  have  all 
been  successfully  impregnated  into  metal-treated 
wood  by  the  author. 


Gluing  Behavior  of  Metal-Treated  Wood 

A  study  is  currently  being  carried  out  at 
Auburn  to  determine  whether  metal-impreg¬ 
nated  wood  behaves  in  gluing  as  wood  or  as 
metal.  Incomplete  results  of  the  study,  con¬ 
ducted  to  date  with  only  one  adhesive  and 
primer  show  that  it  is  difficult  to  make  a  single 
generalization. 

Most  ordinary  specimens  glued  as  well  after 
treatment  as  before,  with  Perkins  Aircraft  Joint 
(casein)  glue,  except  in  those  cases  in  which 
the  actual  gluing  surface  was  heavily  metalized. 
Under  some  treating  procedures,  the  surfaces  of 
the  treated  wood  appeared  almost  normal,  even 
when  the  interior  was  heavily  impregnated;  in 
those  cases  the  blocks  glued  as  well  as  untreated 
wood.  If  sanded  down  to  expose  the  heavily 
impregnated  zone,  however,  it  was  found  ad¬ 
visable  to  prime  the  metallic  surface  with  Per¬ 
kins  Tufcol  Primer  before  gluing. 

After  some  experience,  the  operator  should 
be  able  to  judge  from  the  appearance  of  the 
gluing  faces  whether  or  not  they  need  be 
primed  to  make  a  satisfactory  joint.  Some  adhe¬ 
sives  which  will  be  tested  may  behave  in  a  dif¬ 
ferent  manner,  and  the  generalizations  which 
are  presented  above  should  be  applied  for  the 
present  only  to  Perkins  Aircraft  Joint  Glue 
(casein)  and  Perkins  Tufcol  Primer. 

Conclusions 

Hardness  is  increased  significantly  in  the 
softer  and  lighter  species.  Dimensional  stability 
is  significantly  increased.  Heat  conductivity  and 
electrical  conductivity  are  greatly  increased. 
Weight  is  increased  as  much  as  ten-fold  in  the 
sapwood  of  some  species.  Permeability  to  sub¬ 
sequent  impregnants  is  greatly  reduced  but  not 
lost.  Gluing  behavior  is  in  many  cases  compar¬ 
able  to  that  of  untreated  wood. 
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Discussion 

Mr.  E.  D.  Marshall  (Forest  Products  Depart¬ 
ment,  Texas  Forest  Service) :  Is  there  a  differ¬ 
ence  in  impregnation  of  summerwood  versus 
springwood? 

Mr.  Vogel:  Yes,  there  is  a  difference,  but  it 
does  not  always  follow  expected  patterns.  Dif¬ 
ference  in  impregnation  of  summerwood  and 
springwood  in  the  same  species  appears  to  be 
related  to  the  size  of  cellular  cavities  more  than 
to  other  factors.  Heavy  resin  content  in  pine 
summerwood  inhibits  penetration,  as  do  the 
very  small  lumen  cavities.  In  the  ring  porous 
hardwoods,  such  as  the  oaks,  most  of  the  pene¬ 
tration  also  occurs  longitudinally  in  the  spring- 
wood. 

Mr.  Marshall:  I  have  always  had  an  interest 
in  petrified  wood.  Have  you  ever  tried  impreg¬ 
nations  of  wood  with  silicon  dioxide?  If  not, 
what  is  your  opinion  on  the  possibilities  of 
such  impregnations? 

Mr.  Vogel:  I  have  had  no  experience  with 
the  silicon  compounds,  but  I  think  there  may 
be  real  possibilities  for  a  limited  field  of  hard¬ 
ened  wood  products. 

Mr.  J.  Alfred  Hall  (Pacific  Northwest  Forest 
Experiment  Station) :  Is  the  structure  of  the 
metal  continuous  and  is  plastic  flow  a  problem  ? 

Mr.  Vogel:  No,  the  metal  structure  is  not 
continuous  in  metal- impregnated  wood.  Metal 
apparently  fills  only  the  cell  lumens  in  the 


larger  cells  in  many  species.  In  some  species, 
such  as  the  gums,  the  metal  structure  seems  to 
form  what  approximates  an  electrically  con¬ 
nected  lace  network,  but  it  can  hardly  be  con¬ 
sidered  structurally  a  unit.  At  the  connecting 
pits,  the  metal  is  either  "pinched  off”  or  is 
exceedingly  fine. 

Plastic  flow  has  not  been  a  problem  in  the 
work  that  has  been  done  to  date. 

Air.  Lincoln  A.  Mueller  (Forest  Utilization 
Service,  Northern  Rocky  Mountain  Forest  Sta¬ 
tion)  :  You  mentioned  that  you  obtained  low 
retention  in  the  oaks;  is  that  true  in  both  white 
and  black  oak  groups  ? 

Mr.  Vogel:  Retention  was  relatively  low  in 
all  the  oaks  with  which  I  have  worked,  includ¬ 
ing  several  white  oaks,  several  red  oaks,  and 
heartwood  and  sapwood  of  each. 

I  do  not  yet  know  why  the  metal  freely 
enters  very  small  cells  in  the  gums,  but  enters 
only  much  larger  vessels  in  sap  oak. 

Mr.  F.  H.  Kaufert  (Division  of  Forestry, 
University  of  Minnesota) :  Did  you  find  much 
in  the  German  wood  technology  literature  on 
metal  impregnated  wood  ?  Kollmann  in  his 
"Technologie  des  Holzes”  does  include  some 
information  on  this. 

Mr.  Vogel:  I  reviewed  the  German  literature 
and  found  only  a  few  general  references  to 
metal  impregnated  wood.  The  material  in 
Kollmann’s  book  contains  most  of  this. 
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How  to  Boost  RF  Gluing  Production 
Edge-Gluing  and  End-Gluing 

Ed.  S.  Winlund 

Electronics  Engineer,  Westinghouse  Electric  Corporation,  Seattle,  Washington 

Although  the  cost  reductions  and  quality  improvements  obtained  with  RF  edge-gluing  are  now  vety  well 
established,  there  are  a  number  of  users  whose  results  fall  short  of  those  known  to  be  obtainable. 

Rather  than  further  proclaim  the  clear  advantages  of  RF-gluing,  this  is  a  deliberately  critical  point-by¬ 
point  analysis  of  faaors  affe  ting  results,  with  recommendations  for  the  proper  solution  of  each. 

Only  a  few  of  these  critical  factors  are  likely  to  be  effective  at  any  one  installation.  It  is  seldom  difficult 
to  identify  them  from  their  symptoms,  and  to  apply  corrective  measures  to  get  optimum  results. 


Introduction 

AS  THE  title  implies,  this  report  is  intended 
/A  primarily  for  the  superintendent  of  an 
existing  or  contemplated  RF  edge-gluing 
or  end-gluing  installation,  to  help  him  obtain 
more  production,  better  quality,  lower  fall- 
down,  and  lower  cost  of  operation. 

All  comments  refer  to  edge-gluing  unless 
end-gluing  is  specifically  mentioned.  Edge¬ 
gluing  is  defined  as  the  bonding  together  of 
the  edges  (narrowest  sides)  of  boards  to  make 
wider  boards  or  panels,  as  contrasted  to  lami¬ 
nation  wherein  the  faces  (widest  sides)  are 
bonded  together.  End-gluing  may  be  used  to 
(a)  improve  the  grade  of  otherwise  knotty 
lumber,  by  cutting  out  knots  and  re-joining 
the  pieces,  (b)  to  join  the  ends  of  moulding  or 
lumber  to  make  long  standard  stock  or  special 
lengths,  or  (c)  to  join  the  ends  sufficiently  for 
handling  prior  to  edge-gluing  to  make  panels. 

In  order  to  illustrate  the  effects  of  improper 
stock  preparation,  gluespread,  etc.  in  many  of 
the  figures  in  this  paper,  it  is  assumed  that  the 
pressload  is  of  such  size  and  shape  that  20 
kilowatts  will  deliver  1000  volts  to  the  elec¬ 
trodes,  heating  the  glue  to  180“  F.  in  20  sec¬ 
onds  time,  at  which  temperature  it  sets.  This 
relatively  large  load  would  be  rather  typical  in 
the  softwood  lumber  country. 

The  furniture  industry,  on  the  other  hand, 
generally  operates  with  smaller  pressloads, 
where  10  kilowatts  is  adequate.  The  illustra¬ 
tions  are  still  directly  applicable  by  dividing  all 
power  figures  by  two;  that  is  10  kw.  would 
deliver  1000  volts,  raising  the  glue  to  180“  F. 
in  20  seconds. 

Stock  Preparation 

In  our  experience,  the  most  important  single 
thing  that  a  new  user  of  high  frequency  edge¬ 


gluing  must  understand  is  that  the  wood  edges 
and  faces  must  be  flat  and  square  with  each 
other,  considerably  more  so  than  was  permis¬ 
sible  with  clamp  carriers.  The  edges  must  have 
virtually  wood-to-wood  contact  over  their 
entire  area  before  glue  is  applied.  This  is 
obtained  as  follows: 

Flatness 

The  stock  must  be  flat  before  jointing  or 
ripping  the  edges.  A  warp  or  twist  will  usually 
prevent  a  steady  reference  plane,  as  in  Fig.  1, 
making  the  edge  square  perhaps  at  one  point, 
but  not  elsewhere  on  its  length.  Chain-feed  low 
pressure  holding  devices,  however,  will  estab¬ 
lish  a  sufficiently  steady  plane  to  handle  soft¬ 
woods  with  only  a  slight  warp  or  twist. 

Edge  Condition 

The  edges  must  be  straight  as  they  come  out 
of  the  jointer  or  ripsaw.  This  means  that  the 
stock  must  be  held  very  firmly  in  transit  and 
that  the  holding  mechanism  must  be  straight. 

Feed-through  grippers  with  excessively  worn 
tracks  and  bearings  can  easily  result  in  a  poor 
joint.  Excessively  worn  gripper  teeth  and  roller 
knurling  will  likewise  let  the  stock  slip  min¬ 
utely  in  transit,  resulting  in  a  "hollow”  or 
"high”  joint.  Cumulative  hollow  joints  in  a 
panel  reduce  or  remove  pressure  or  leave  an 
opening  at  the  center,  as  in  Fig.  2,  which 
shows  estimated  pressures.  Hollow  joints  must 
be  especially  avoided  in  long  panels  and/or  in 
hardwoods,  because  even  fluid  edge  pressure 
has  less  chance  to  make  up  the  deficiency. 

The  edges  must  be  square  as  they  leave  the 
jointer.  This  is  seldom  a  problem,  occurring 
only  when  the  jointer  is  adjusted  out  of  square, 
or  if  the  stock  is  not  flat.  As  in  Fig.  3,  off- 
square  edges  will  (a)  obviously  put  excessive 
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HAND  FEED 


RIGID  LOW-PRESSURE  FEED 


HIGH-PRESSURE  FEED 


AS  JOINTED  LOW  SURFACE  HIGH  SURFACE 

OR  RIPPED  PRESSURE  GLUING  PRESSURE  GLUING 

Fig.  1. — Feed  and  gluing  pressure  as  related  to  joint 
contact  for  warped  stock. 

pressure  along  one  side  of  the  edge  and  insuffi¬ 
cient  pressure  or  even  an  opening  along  the 
other  side,  (b)  prevent  uniform  glue  distribu¬ 
tion,  and  (c)  may  crush  wood  fiber.  But  more 
important  are  the  illustrated  electrical  effects 
which  unnecessarily  prolong  RF  heating  time. 
In  the  example  of  Fig.  3,  it  is  assumed  that  the 
off-square  edge  permits  only  %-inch-wide  glue 
coverage  on  the  one-inch  edge,  leaving  inch 
without  glue.  The  columns  of  figures  show  the 
voltages  and  consequent  temperatures  obtained 
in  each  i/g-inch-thick  layer  of  wood,  at  the  left 
of  a  good  joint,  at  the  right  of  the  off-square 
joint. 

With  1000  volts  between  electrodes,  a  good 
joint  divides  this  evenly  into  125  volts  across 
each  Yg  inch  of  thickness,  because  the  glue  is  a 
uniformly  good  conductor.  The  result  is  that 
every  Yg  inch  is  heated  at  the  same  rate  as 
every  other  Ys  i^^ch,  and  they  all  arrive  at  180° 
F.  (assumed  the  setting  temperature)  in  20 
seconds. 

On  the  other  hand,  the  off -square  joint  has 
Ya  inch  without  glue,  the  remaining  wood 
being  a  relatively  poor  conductor  (i.e.,  high  re- 


Fig.  2. — How  hollow  edges  affect  glue  pressure. 
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Fig.  3. — Electrical  effects  of  off-square  edges. 


sistance)  as  a  result  of  which  there  is  more 
voltage  drop  than  there  should  be  across  each 
of  the  top  two  ^-inch  sections  causing  danger 
of  an  arc.  Likewise,  the  variable  thickness  of 
glue  line  results  in  very  little  temperature  rise 
at  its  thickest  point,  and  excessive  rise  at  its 
thinnest.  The  result  is  that  only  about  Ya 
near  the  thin  glue-line  side  gets  bonded. 

If  the  danger  of  arc  is  ignored  (power  kept 
at  20  kw.)  and  time  is  increased  to  44  seconds, 
a  little  more  glue  is  set.  If  power  is  reduced  to 
13.6  kw.  to  avoid  the  danger  of  arcs,  the  cor¬ 
responding  times  are  29  and  94  seconds. 

The  overall  result  is  that  this  one  bad  joint 
in  a  pressload  of  otherwise  good  ones  (a)  will 
not  set  up  itself,  and  (b)  may  require  increas- 
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ing  the  RF  heating  time  for  the  whole  press¬ 
load  from  20  to  29  seconds  just  to  get  away 
from  the  possibility  of  an  arc.  An  arc  would 
not  be  probable  at  20  seconds  (20  kw.);  it  is 
just  that  the  safety  factor  would  be  virtually 
gone. 

Thickness 

The  stock  thickness  should  be  uniform.  This 
also  is  seldom  a  problem,  as  no  difficulty  is 
generally  encountered  for  total  tolerances  of 
^  inch.  The  eflFect  of  greater  differences  of 
thickness  is  to  introduce  an  excessive  series  gap 
in  the  conducting  glue  line  between  electrodes, 
which,  like  off-square  edges,  lowers  the.  voltage 
gradient  in  the  glue  and  hence  the  attained 
temperature,  as  in  Fig.  4.  If  high  tolerances 


NONE  Rr  ARCS  DANGER  DANGER  |«ONC  NONE 

.  CXCELaNT  NONE  EAi£  (EXCELLENT)  POOR  EACELLENT 

Fig.  4. — Electrical  effects  of  uneven  thickness. 

cannot  be  avoided,  a  satisfactory  joint  may  be 
obtained  by  lowering  RF  voltage  to  avoid  arcs 
and/or  correspondingly  lengthening  the  heat¬ 
ing  time,  so  that  the  proper  temperature  is  ob¬ 
tained  in  spite  of  the  lower  RF  voltage  gra¬ 
dient.  Differences  of  inch  have  been  handled 
successfully  in  this  manner. 

For  end-gluing,  the  best  type  of  splice  de¬ 
pends  upon  the  strength  demanded  by  the 
application.  In  Fig.  5,  a  conventional  12:1 
scarf  is  shown,  which  has  very  great  strength; 
however,  it  wastes  considerable  wood  and  some¬ 
times  the  feather  edge  is  difficult  to  handle. 
Much  less  wasteful  is  the  finger  joint,  which 
gives  very  good  strength  but  requires  more 
complex  cutters  and  higher  precision.  The  zee 
joint  requires  simpler  cutters  and  less  precision, 
but  generally  has  strength  adequate  only  for 
normal  handling  prior  to  subsequent  edge¬ 
gluing.  Although  with  .  end-gluing  a  lower 


FINGER  DOUBLE  GRID  ELECTRODES 


ZEE  STRIP  ELECTRODES 

EDGE  VIEWS  END  VIEWS 

Fig.  3. — End-gluing  and  electrode  arrangement. 


strength  joint  may  often  be  tolerated,  it  is  in¬ 
herently  more  difficult  to  bond  end  grain.  The 
scarf  requires  merely  flatness,  particularly  if  any 
displacement  of  the  feather  edges  will  later  be 
machined  off.  The  fingerand  zee  joints  require 
high  precision  and  sharp  cutters,  since  the  two 
ends  "bottom”  into  each  other,  and  wood-to- 
wood  contact  is  needed  on  all  meeting  surfaces. 
The  stock  must  be  held  absolutely  flat  while 
cutting  the  ends,  must  be  cut  in  very  straight 
line  across  the  stock,  and  square  with  the  refer¬ 
ence  edges. 

The  electrical  situation  is  not  the  same  as  for 
edge-gluing  because  the  glue  current  path  is 
always  considerably  longer  (higher  resistance) 
than  the  wood  thickness.  This  and  other  field 
distortion  effects  cause  a  much  greater  part  of 
the  power  to  go  into  wood,  less  into  glue,  thus 
provide  lower  effective  efficiency,  particularly 
for  finger  and  scarf  joints.  One  might  say  that 
the  efficiency  of  end-gluing  is  somewhere  be¬ 
tween  that  of  edge-gluing  and  lamination, 
where  glue  lines  are  generally  parallel  to  the 
electrodes. 

Accordingly,  stock  thickness  tolerance  may 
have  less  effect  than  for  edge-gluing,  because 
power  is  going  primarily  into  wood,  and  the 
effect  of  small  series  air  gaps  is  not  so  great. 

Moisture  Content 

Moisture  content  must  be  controlled.  There 
is  evidence  that  the  strongest  bond  occurs  at  8 
to  10  percent  moisture.  Above  10  percent  mois¬ 
ture  content  there  is  said  to  be  a  tendency  for 
the  glue  resin  (but  not  the  water  in  which 
it  is  dissolved)  to  migrate  into  the  wood. 
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The  resultant  deficiency  of  resin  at  the  glue  line  reached  in  the  neighborhood  of  3  to  5  percent 

can  of  course  impair  strength.  At  15  percent  moisture  content  below  which  a  further  reduc- 

moisture  poor  glue  bonds  result.  Below  6  to  8  tion  will  not  significantly  reduce  power  loss, 

percent  there  seems  to  be  a  gradual  reduction  As  shown  in  Table  1,  starting  with  optimum 
of  specific  adhesion,  possibly  because  the  drier  content  of  say  6  percent,  half  the  power  goes 
wood  sucks  water  out  of  the  glue,  also  resulting  into  glue  and  half  into  wood.  Doubling  wood 

in  impaired  strength.  It  is  especially  helpful  to  moisture  content  to  12  percent  causes  one-third 

keep  moisture  content  up  with  staggered  elec-  of  the  power  to  go  into  glue  and  two-thirds 

trodes  because  of  the  increased  moisture  migra-  into  wood.  Since  the  glue  power  has  been 

tion  time  available  in  the  areas  deliberately  un-  dropped  from  half  to  a  third,  the  same  time 

cooked.  Urea  glues  are  more  sensitive  than  (20  seconds)  gives  a  poor  joint,  or  an  increase 

resorcinols  in  this  respect.  to  30  seconds  gives  a  good  joint — not  excellent. 

For  most  RF  gluing  applications,  however,  because  glue  migration  is  likely, 
the  bond  strength  is  more  than  adequate  even  Ualving  the  moisture  content  conversely  per- 
though  reduced  by  off-optimum  moisture  con-  ^  three-fourths  of  the  time, 

tent.  Thus  some  other  factors  are  generally  con-  ^5  20  kw. 

trolling.  causes  danger  of  an  arc.  Therefore  dropping 

The  usual  edge-gluing  operation  places  both  the  power  to  15  kw.  gives  a  good  joint  in  20 
wood  and  glue  lines  between  the  electrodes,  seconds  without  danger  of  an  arc. 

When  the  available  RF  power  develops  a  cer-  Accordingly  a  reduction  (except  below  3  to 
tain  voltage  across  these  electrodes,  only  about  5  percent)  of  moisture  content  will  always  re¬ 
half  the  power  goes  to  heat  the  glue  lines  and  Ju^e  the  power  lost  in  unnecessarily  heating 

half  goes  to  heat  the  wood.  (While  the  tern-  wood,  thus  leaving  more  of  the  available  RF 

perature  rise  in  the  wood  may  be  but  a  small  power  for  the  glue  lines.  This  permits  a  shorter 

fraction  of  that  in  the  glue  lines,  it  must  be  rp  heating  time  and/or  the  use  of  less  power, 

remembered  that  a  lot  more  wood  than  glue  Of  course  the  primary  reason  for  reducing 
line  is  heated  those  few  degrees,  thus  the  sub-  moisture  content  has  always  been  to  provide 

stantial  power  loss  in  the  wood).  It  is  like  par-  dimensional  stability  and  freedom  from  warp- 

alleling  one  100-watt  light  bulb  (the  glue  line)  ing  throughout  the  life  of  the  product.  In  the 

and  say  10  small  10-watt  bulbs  (the  wood),  all  5  to  15  percent  range,  the  uniformity  of  mois- 

across  the  115-volt  line;  both  groups  draw  the  ture  content  is  very  much  better  with  a  5  per- 

same  power,  but  the  100-watt  bulb  is  much  cent  average  than  with  15  percent,  so  that 

hotter  to  the  hand.  eventual  stresses  in  and  consequent  warping  of 

The  electrical  "conductivity”  (actually  "loss  a  glued-up  panel  is  much  less  likely  with  the 
factor”)  of  the  wood,  and  therefore  the  power  lower  moisture  content. 

loss  in  it,  increases  more  or  less  proportionally  All  of  these  effects  result  in  consensus  that 
to  moisture  content,  except  that  a  minimum  is  moisture  content  ought  to  be  between  5  and 

Table  1. — Moisture  Content  and  Initial  Temperature 


Time 

RF 

W  J 

Glue  Lire 

Moisture  Content 

Seconds 

Excess 

Power 

Volts 

Arcs 

Temp. 

Temp. 

Bond 

^  15  sec. 

20  KW 

1154  V 

Danger 

75"F 

180®F 

(Good) 

Halved _ _ 

...\  20 

0 

20 

1154 

Danger 

77 

217 

(Good) 

1  20 

0 

15 

1000 

None 

75 

180 

(Good)  • 

Optimum _ 

...  20 

0 

20 

1000 

None 

80 

180 

Excellent 

Doubled . . . 

.../  20 
\  30 

0 

20 

816 

None 

83 

143 

Initial  Temperature 

50  percent 

20 

816 

None 

90 

180 

Good 

aO^F  Low . 

/  24  sec. 

20  percent 

20  KW 

1000  V 

None 

62*F 

180®F 

\  20 

0 

20 

1000 

None 

60 

160 

Fair 

Oj'timum . . . 

...  20 

0 

20 

1000 

None 

80 

180 

Excellent 

20®F  High . . . 

.../  20 
t  16 

0 

20 

1000 

None 

100 

200 

Faster 

20 

206 

1000 

None 

98 

180 

Excellent 
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11  percent  for  RF  edge-gluing,  and  generally 
the  lower  the  better  within  this  range. 

Lower  moisture  contents  can  be  tolerated 
with  solid  electrodes,  but  moisture  migration 
from  unpolymerized  areas  makes  lower  moisture 
contents  inadvisable  for  staggered  electrodes. 

It  is  very  important  that  edge-gluing  be  done 
within  at  most  4  to  8  hours  after  the  stock  is 
jointed  or  ripped;  otherwise  the  flow  of  mois¬ 
ture  into  or  out  of  the  ends  and  edges  will  very 
likely  warp  the  stock. 

For  end-gluing,  although  the  effect  of  mois¬ 
ture  content  upon  end-grain  glue  adhesion  is 
not  known  to  the  writer,  the  desirability  of  low 
moisture  content  from  an  efficiency  standpoint 
is  even  greater  than  for  edge-gluing,  because 
here  more  power  goes  into  wood.  Probably  it 
should  be  5  to  8  percent,  preferably  5  percent. 

Stock  Temperature 

Stock  temperature  should  be  controlled.  Ini¬ 
tial  glue-line  temperature,  and  therefore  stock 
temperature  which  directly  affects  it,  is  impor¬ 
tant  in’ two  respects.  First,  the  higher  the  tem¬ 
perature  the  lower- will  be  the  glue-line  tem¬ 
perature  rise  required,  and  therefore  the  shorter 
the  RF  heating  time,  as  shown  in  Table  1. 

Secondly,  warmer  stock  is  especially  advan¬ 
tageous  for  staggered  electrode  presses,  to  help 
the  deliberately  unpolymerized  areas  to  poly¬ 
merize  before  excessive  moisture  or  resin 
migration  can  take  place. 

Initial  glue-line  temperature  is  determined 
by  both  stock  and  glue  temperature,  to  about 
the  same  degree,  and  by  press  room  tempera¬ 
ture  to  a  lesser  degree  if  the  open  assembly 


time  is  properly  short.  It  should  be  in  the 
neighborhood  of  70  to  80®  F.,  the  higher  the 
better  so  long  as  the  glue  pot  is  kept  cool 
enough  and  spread,  layup,  and  closure  are  fast 
enough  to  obtain  full  pressure  before  polymer¬ 
ization  starts.  Trouble  with  precuring  is  likely 
to  be  encountered  above  80®  F. 

One  method  of  obtaining  high  initial  glue¬ 
line  temperature  is  to  route  the  flow  of  stock 
through  heated  rooms  or  tunnels  for  a  few 
hours  prior  to  spreading,  and  to  maintain  the 
press  room  at  70  to  80®  F.  Another  is  to  use 
suitable  means  to  bring  the  edge  temperatures 
up  immediately  prior  to  spreading,  but  this  is 
more  difficult  than  simply  keeping  a  room  or 
two  at  proper  temperature. 

Aside  from  shortening  the  RF  heating  time 
and  assuring  ultimately  complete  polymeriza¬ 
tion,  keeping  a  room  or  two  warm  also  helps  to 
obtain  or  keep  the  proper  low  moisture  content 
and  to  keep  the  oil  of  hydraulically  operated 
presses  warm  for  faster  reload  action.  Of  course 
the  warmer  the  press  room  is  kept,  the  more 
desirable  is  a  cooler  on  the  glue  spreader  to 
maintain  proper  pot  life. 

The  effect  of  initial  stock  temperature  on 
end-gluing  is  greater  than  for  edge-gluing  be¬ 
cause  more  power  goes  to  heat  wood.  The 
wood  should  be  at  least  70®  F.  and  preferably 
80®  F. 

Species 

Species  affects  heating  time.  The  effect  is 
shown  in  Table  2  and  is  similar  but  of  often 
greater  magnitude,  than  that  due  to  variation  in 
moisture  content.  For  example,  the  denser  soft- 


Table  2. — Wood  Density  and  Glue  Conductivity 


Time 

RF 

Glue  Line 

Wood  Density 

Seconds 

Excess 

Power 

Volts 

Arcs 

"Temp. 

Temp. 

Bond 

15  Sec. 

20  kw. 

1154  V 

Danger 

180®F 

(Excellent) 

Halved _ 

20 

0 

20 

1154 

Danger 

77 

217 

(Excellent) 

1 

20 

0 

15 

1000 

None 

75 

180 

Excellent 

Optimum . . 

.... 

20 

0 

20 

1000 

None 

•  80 

180 

Excellent 

Doubled . . . 

..../ 

20 

0 

20 

816 

None 

83 

143 

Poor 

1 

30 

50  percent 

20 

816 

None 

90 

180 

Excellent 

Glue  Conductivity 

40  SeCe 

100  percent 

15  kw. 

1000  v 

None 

90®F 

180®F 

Excellent 

Halved _ _ 

ao 

50 

20 

1154 

Danger 

90 

180 

(Excellent) 

1 

20 

0 

20 

1154 

Danger 

83 

143 

Poor 

Optimum _ 

— 

20 

0 

20 

1000 

None 

80 

180 

Excellent 

Doubled . . 

.....r 

20 

0 

20 

816 

Act* 

77 

217 

(Excellent) 

1 

15 

20 

816 

Arc* 

75 

180 

(Excellent) 

*Due  to  salt  in  glue. 
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woods  such  as  Douglas  fir  and  ponderosa  pine 
will  require  a  longer  heating  cycle  than  Sitka 
spruce  or  redwood  because  more  power  is  con¬ 
sumed  heating  wood,  less  being  available  for 
the  glue  lines.  Hardwoods  not  only  require 
more  power  and/or  time  because  of  the  greater 
density  (more  weight  of  wood  to  heat),  but 
also  because  a  stronger  grip  is  needed  to  hold 
the  boards  together  against  the  greater  board 
stiffness. 

The  effect  of  species  upon  end-gluing  heat¬ 
ing  time  is  the  same  as  for  edge-gluing,  except 
magnified  by  the  greater  amount  of  power 
going  into  wood. 

Stock  Width 

Wide  stock  reduces  gluing  costs,  up  to  a 
point.  Obviously  it  (a)  requires  fewer  glue 
lines  per  board  foot,  therefore  permits  a  higher 
production  rate,  (b)  requires  less  glue,  (c)  re¬ 
quires  less  layup  handling,  and  (d)  requires 
less  machining  time  ahead  of  layup.  However 
the  problems  of  warpage  and  hollow  edges 
multiply  very  rapidly  with  the  width  of  rela¬ 
tively  long  stock,  especially  hardwoods. 

To  avoid  the  latter  difficulty,  most  of  the 
furniture  industry  has  found  it  expedient  to  rip 
wide  hardwood  stock  to  3y2-inch  width  or  less, 
and  the  watcher  reverses  alternate  pieces  at 
layup  to  avoid  warping  of  the  final  panel.  Thus 
the  maximum  practical  stock  width  is  usually 
determined  by  trial  and  error. 

Glue 

Modern  resin  glues,  properly  used,  have 
greater  strength  than  the  woods  they  bond 
together.  To  obtain  adequate  strength  for  the 
application  at  hand,  there  are  ranges  of  condi¬ 
tions  within  which  they  must  be  used.  These 
conditions  are  more  strict  than  those  under 
which  animal  and  other  glues  may  be  used  with 
conventional  clamp  carriers. 

Nearly  all  of  the  manufacturers  of  resin 
glues  maintain  regional  technicians,  usually  the 
salesmen  themselves,  who  are  experts  in  the 
proper  use  of  their  company’s  products,  and 
who  are  more  than  willing  to  spend  adequate 
time  at  the  production  facilities  to  assure  proper 
conditions.  Most  of  these  men  have  very  con¬ 
siderable  experience  with  RF  gluing,  and  have 
picked  up  valuable  experience  well  beyond  the 
mere  use  of  the  glue  itself. 


We  cannot  emphasize  too  strongly  the  value 
of  asking  one  of  these  men  to  help  with  RF 
gluing  problems.  They  don’t  always  agree  with 
each  other,  yet  there  is  a  broad  area  of  general 
agreement  between  them  and  between  elec¬ 
tronic  representatives,  which  for  edge-gluing  is 
listed  below.  End-gluing  can  usually  be  done 
with  the  same  conventional  resin  types,  but 
often  the  glue  nunufacturers  can  recommend 
special  formulations  especially  adapted  to  the 
end-grain  application.  They  should  be  con¬ 
sulted. 

Resin  Glues 

Resin  glues  cannot  compensate  for  poor  stock 
preparation.  Resin  glues  provide  a  superior 
bond,  and  can  be  polymerized  or  set  very  much 
faster  than  others,  but  they  do  not  have  good 
strength  as  fillers.  That  is,  if  an  off-square  or 
hollow  edge  provides  an  unduly  wide  gap  be¬ 
tween  boards,  and  the  attempt  is  made  to  fill 
the  gap  with  a  heavier  spread,  the  resultant 
joint  will  be  weak.  Some  resin  glues,  such  as 
resorcinols  and  "gap-filling  resins”  are  reported 
to  have  better  filler  strength  than  others,  but 
the  difference  does  not  permit  significant  relax¬ 
ation  of  the  proper  stodc  preparation  require¬ 
ments. 

Catalyst  Proportions 

Catalyst  proportions  must  he  tried  on  the 
job.  The  proportion  of  catalyst  or  "hardener” 
must  be  chosen  with  care,  starting  with  the 
manufacturer’s  standard  recommendation.  It 
ranges  from  10  to  20  percent,  depending  not 
only  upon  the  resin  and  catalyst  chemical  form¬ 
ulation,  but  also  upon  a  number  of  conditions 
at  the  press.  The  electrode  arrangement  (stag¬ 
gered  vs.  solid  platen  vs.  airgap,  if  any),  size 
of  press,  RF  power  and  frequency  all  affect 
interelectrode  voltage,  which,  considered  with 
stock  thickness,  determine  maximum  voltage 
gradient. 

Some  glues  are  more  conductive  than  others, 
thus  heat  faster.  If  the  catalyst  contains,  as  it 
usually  does,  a  conducting  agent  (sometimes 
table  salt),  more  catalyst  always  givts  higher 
efficiency  (a  higher  percentage  of  power  goes 
into  glue,  rather  than  heating  wood)  but  the 
voltage  gradient  determines  a  maximum 
amount  of  catalyst  that  may  be  used  without 
danger  of  arcs.  The  procedure  generally  is 
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either  to  increase  gradually  the  amount  of  cata¬ 
lyst  until  arcs  occur  too  frequently,  and  then 
drop  back  to  a  lower  amount  of  catalyst,  or  to 
reduce  catalyst  until  pot-life  is  too  short.  This 
trial  and  error  method  is  usually  conducted  by 
the  glue  manufacturer’s  representative,  under 
production  conditions.  The  effect  of  varying 
glue  conductivity  is  shown  in  Table  2. 

Different  glue  formulations,  even  among 
glues  of  one  type  (say  urea)  or  one  manufac¬ 
turer,  have  different  percentages  of  electrolyte, 
thus  require  different  additions  of  salt  for  opti¬ 
mum  operation,  introduced  by  the  glue  manu¬ 
facturer.  Salt  doctoring  by  plant  personnel  Is 
not  recommended. 

Pot  life  generally  decreases  as  the  proportion 
of  catalyst  is  reduced,  but  not  always.  There  is 
always  some  percentage  of  catalyst,  which  may 
or  may  not  be  within  the  10  to  20  percent 
range,  below  which  a  further  decrease  will  in¬ 
crease  the  pot  life.  Obviously  zero  percent  cata¬ 
lyst  gives  a  very  long  pot  life. 

Glue  .Spread 

Glue  spread  must  be  controlled.  Glue  spread¬ 
ers  are  supposed  to  spread  the  glue  so  that 
there  will  be  full  coverage  of  the  edge  and  uni¬ 
form  transfer  to  the  opposing  edge,  under 
pressure,  and  a  little  squeezeout.  The  resulting 
film  should  be  uniform  if  the  edges  are  square 
and  straight.  Some  squeezeout  is  desirable  (a) 
to  assure  adequate  spread,  and  (b)  to  help 
make  contact  with  the  electrodes.  A  series  glue 
path  between  electrodes  and  the  glue  line 
doesn’t  cause  arcs;  it  discourages  them! 

Either  smooth  or  narrow  grooved  (say  ^- 
inch  wide  "V”)  rollers  with  smooth  or  no 
doctor  bars,  or  smooth  rollers  with  narrow¬ 
toothed  doctor  bars,  seem  to  do  very  nicely. 
Rubber  seems  to  provide  no  advantage  over 
metal  rollers,  and  is  often  tougher  to  clean  and 
costlier  to  maintain.  Wide-groove  rollers  or 
other  larger-pattern  roller  surfaces  often  have 
a  tendency  to  leave  little  unspread  areas,  even 
under  pressure,  especially  when  the  glue  gets 
thick,  but  they  are  sometimes  helpful  for 
slightly  warped  Stock.  Of  course  warped  stock 
cannot  be  expected  to  permit  a  very  good  bond 
in  any  event.  In  some  operations  a  rubber  hold¬ 
down  roll  is  very  helpful. 

Adequate  glue  spread  generally  runs  25  to 
45  pounds  of  mixed  glue  per  1000  square  feet 


of  single  glue-line  area.  Edge  gluing  may  re¬ 
quire  30  pounds  for  really  smooth  jointer  edges 
to  40  pounds  for  rather  rough  ripped  edges,  or 
an  average  of  35  pounds  for  an  average  jointer 
edge  or  a  very  good  ripped  edge.  Resorcinol 
glues  are  more  alkaline  than  ureas,  tend  to  pen¬ 
etrate  more,  and  thus  may  require  5  to  10  per¬ 
cent  more  spread  than  the  above  figures. 

If  the  glue  spread  is  insufficient  but  uniform, 
the  normal  amount  of  penetration  into  the 
wood  may  leave  too  little  for  the  glue  line 
itself,  resulting  in  a  "starved”  joint.  Also  since 
the  deficiency  of  glue  also  provides  a  higher 
resistance  glue  current  path  between  electrodes, 
less  RF  current  flows  to  heat  the  glue,  so  it 
does  not  reach  proper  setting  temperature  and 
is  usually  damp  to  the  touch  when  broken  open. 

If  the  glue  spread  does  not  extend  across  the 
piece  (due  to  insufficient  spread  and/or  off- 
square  edges),  the  deficient  area,  being  wood, 
is  an  undesired  higher  resistance  current  path 
in  series  with  the  remaining  glue  line,  which 
identically  prevents  the  glue  from  reaching 
proper  temperature,  as  outlined  just  above.  In 
this  instance,  however,  there  is  an  added  danger 
of  arcing  due  to  the  high  voltage  gradient 
occurring  in  the  unspread  portion  of  the  glue 
line,  as  shown  in  Fig.  6. 

The  cumulative  effect  of  insufficient  spread, 
even  if  only  on  one  or  two  edges  of  a  press¬ 
load,  is  therefore  to  require  a  longer  RF  heat¬ 
ing  cycle  just  to  get  a  bond  on  those  few 
edges,  or  to  avoid  arcs. 

Excessive  spread  obviously  increases  glue 
cost,  takes  a  longer  RF  heating  time  to  heat  the 
additional  glue,  and  increases  cleaning  costs 
due  to  excessive  squeezeout.  It  should  therefore 
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Fig.  6. — Electrical  effects  of  poor  spread — poor 
spread  on  one  board. 
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be  apparent  that  there  is  definitely  an  optimum 
glue  spread,  and  that  use  of  either  less  or  more 
than  that  will  increase  RF  heating  time  and 
general  costs  of  the  operation.  Any  unavoidable 
variation  should  be  on  the  side  of  heavier 
spread,  how'ever. 

The  above  comments  apply  as  well  to  end¬ 
gluing,  but  glue  spread  must  be  especially  well 
controlled  because  of  the  lack  of  opportunity 
for  squeezeout. 

The  Press 

Properly  designed  edge-gluing  presses  (a) 
facilitate  stock  layup  with  minimum  manual 
effort  and  time,  (b)  hold  the  completed  layup 
flat  while,  (c)  sufficient  edge  pressure  is  applied 
to  obtain  contact  between  all  edges,  (d)  apply 
RF  voltage  across  the  glue  line  for  a  sufficient 
time  to  set  good  joints,  (e)  eject  the  glued 
panels  while  accepting  fresh  layups,  all  as 
automatically  as  practicable.  The  great  majority 
of  RF  presses  in  use  today  do  this  on  a  batch 
basis;  i.e.,  the  stock  comes  to  rest  while  RF  is 
applied.  Two  or  three  makes  have  continuous 
layup  tables  (nevertheless  batch  heating)  which 
save  a  number  of  seconds  otherwise  required 
for  return  of  the  feed  ram.  A  few  makes  are 
truly  continuous,  RF  being  applied  with  stock 
in  motion,  under  pressure,  which  considerably 
lowers  the  RF  generator  power  requirement, 
and  in  some  situations  eliminates  the  need  for 
board  matching.  But  common  to  all  types  are 
these  requirements: 

High  edge  pressure  is  essential.  No  other 
design  feature  of  a  press  has  more  bearing  on 
the  results.  A  not  unreasonable  rule  is  that  the 
system  should  be  capable  of  crushing  wood, 
which  leaves  some  reserve  when  the  pressure  is 
backed  off  for  actual  use. 

Perfectly  square  and  straight  edges,  with  a 
uniform  thin  glue  spread,  of  course  require 
little  or  no  pressure  for  an  excellent  bond.  But 
the  fact  is  that  despite  proper  preparation  of 
stock,  it  still  is  never  perfectly  square  and 
straight,  and  only  pressure  can  make  up  the 
deficiencies. 

If  the  press  is  to  be  used  for  hardwoods,  this 
means  edge-pressures  of  the  order  of  250  to 
350  psi.  are  desirable,  and  of  course  they  are 
limited  by  the  maximum  thickness  to  be  glued. 


Very  wide  and  long  hardwood  boards  (say  12 
inches  by  8  feet)  may  require  up  to  550  psi. 
For  softwoods,  pressures  of  150  to  250  psi. 
give  excellent  results.  Good  results  are  some¬ 
times  obtained  with  pressures  as  low  as  75  psi., 
but  in  our  experience  this  does  not  permit  per¬ 
manently  dependable  operation,  except  with 
soft,  low-density  species. 

Uniform  edge  pressure  is  important.  Some 
means  must  be  provided  to  exert  uniform  edge 
pressure  regardless  of  variable  length  and 
width  of  stock,  slightly  hollow  edges  and 
wedges.  Actual  fluid  pressure  is  a  theoretical 
ideal,  but  difficult  to  apply.  Near-fluid  pressure 
can  be  obtained  using  a  number  of  close-spaced 
and  relatively  short  pressure  feet  each  individ¬ 
ually  or  "double  tree”  activated  by  hydraulic  or 
pneumatic  cylinders  or  springs,  or  by  the  use  of 
face  friction  restriction  against  continuous 
broadside  stock  flow. 

Presses  for  end-gluing  must  of  course  hold 
the  pieces  in  proper  alignment  while  RF  is 
applied,  but  should  require  less  end-pressure 
than  edge-gluing  because  of  the  direction  of 
the  glue  lines.  In  continuous  presses  it  is  par¬ 
ticularly  important  that  there  be  absolutely  no 
relative  movement  between  the  two  pieces 
being  joined,  though  they  may  be  travelling, 
while  the  RF  is  on.  Experience  has  shown  that 
the  slightest  relative  movement  after  the  glue 
has  begun  to  polymerize  will  seriously  reduce 
joint  strength. 

Layup  tables  should  have  maximum  time 
availability.  Layup  tables  are  located  just  ahead 
of  the  press,  with  the  glue  spreader  "wet”  con¬ 
veyor  usually  running  conveniently  a  foot  or 
two  above  them.  Most  batch  presses  have  a  feed 
ram  at  the  end  of  the  layup  table,  which,  as 
soon  as  all  boards  have  been  laid  in  place  on 
the  table,  shoves  the  whole  layup  into  the  press, 
and  immediately  returns  to  the  head  end  to  per¬ 
mit  the  next  layup  while  RF  is  on.  The  table 
unavailable  time  (while  feed  ram  is  in  motion) 
is  usually  the  order  of  5  to  8  seconds,  com¬ 
pared  to  a  30-  to  50-second  total  cycle.  Batch 
presses  using  continuous  feed  tables  instead  of 
a  feed  ram  cut  the  unavailable  time  to  3  to  7 
seconds.  Fully  continuous  presses  of  course  cut 
the  unavailable  time  to  zero. 
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Reload  Factor 

Press  reload  time  must  be  minimized.  Re¬ 
load  time  is  defined  as  the  total  time  between 
RF  heats.  The  total  press  cycle  time  is  the  sum 
of  RF  heat  and  reload  times,  and  divided  into 
3600  seconds  gives  the  production  in  press 
loads  per  hour  of  steady  operation.  Most  batch 
presses  have  reload  times  of  the  order  of  8  to 
20  seconds.  Only  a  small  part  of  this  (the  lay¬ 
up  table  unavailability  time  of  3  to  8  seconds) 
is  actually  lost  time  for  the  operators,  but  the 
reload  time  is  idle  time  for  the  generator  and 
press.  Therefore  reduction  of  the  proportion  of 
reload  time  to  total  cycle  increases  the  produc¬ 
tion  capabilities  of  a  given  generator  and  press 
size. 

Care  of  Equipment 

Cleaning  and  maintenance  must  be  consid¬ 
ered.  Most  edge-gluing  installations  seem  to 
get  about  seven  hours  of  steady  production  out 
of  an  8  hour  shift.  The  remaining  hour  (8:00 
A.  M.,  rest  periods,  4:00  P.  M.)  is  used  for 
cleanirig  glue  off  the  glue  spreader  conveyor, 
mixing  glue,  handling  falldown  due  to  bad 
stock,  etc.,  and  miscellaneous  timeouts  for  the 
operators.  About  half  a  crew  can  handle  clean¬ 
ing  and  mixing  in  this  time. 

Cleaning  of  the  press  itself  seldom  presents 
a  problem  in  batch  presses.  In  ram-feed  types 
there  is  constant  scraping  of  the  electrodes  by 
the  lumber,  and  what  is  left  at  the  end  of  the 
shift  dries  to  a  film  which  is  easily  peeled  off 
in  a  few  minutes  when  operation  is  resumed. 

Unless  unusual  provision  is  made  to  dry 
squeezeout  at  the  press,  electronic  presses  gen¬ 
erally  leave  a  small  amount  of  wet  surface  glue 
on  each  glued  panel,  because  the  relatively  cool 
electrodes  conduct  away  any  surface  heat  devel¬ 
oped  in  the  glue  by  the  RF,  before  its  tempera¬ 
ture  can  rise  very  far.  The  electrodes  of  ther¬ 
mally-insulated  staggered -electrode  presses, 
however,  soon  get  hot  enough  to  leave  a  neg¬ 
ligible  amount  of  wet  surface  glue.  If  wet  glue 
is  excessive,  stacking  sticks  may  be  used  be¬ 
tween  panels  by  the  offbearer,  but  a  pinch  or 
two  of  sawdust  has  also  been  found  very  prac¬ 
tical. 

Shielding 

The  Federal  Communications  Commission 
has  established  regulations  which  limit  the  per¬ 


missible  radiation  (i.e.  broadcasting)  from  any 
industrial  RF  equipment  to  protect  against  in¬ 
terference  with  radio  communications  such  as 
aircraft,  police,  fire,  industrial,  broadcasting, 
etc.,  and  has  set  a  time  within  which  all  present 
installations  must  comply. 

Proper  shielding  of  a  new  installation  is  not 
difficult,  nor  expensive,  and  is  quite  practical 
for  edge-  and  end-gluing.  We  work  with  the 
press  manufacturer  on  shielding  as  well  as  gen¬ 
eral  design  and  coordination  with  the  RF  gen¬ 
erator.  The  complete  equipment  is  then  "type- 
tested”  to  make  sure  radiation  complies  with 
FCC  regulations,  and  each  subsequent  user  of 
that  design  is  given  a  certificate  stating  that  it 
complies  with  the  FCC  regulations. 

Fig.  7  shows  two  views  of  a  typical  well- 
shielded  and  certified  installation,  that  of  an 
Earle  Hart  press  at  Caswell-Runyon  in  Goshen, 
Indiana. 

Adequate  shielding  is  not  merely  a  matter  of 
metallic  enclosure  of  the  press,  but  requires  a 
special  technique  acquired  solely  by  experience. 
Uncertified  installations  should  be  inspected  by 
a  competent  electronics  engineer,  to  determine 
whether  they  may  be  patched  up  to  meet  FCC 
regulations  without  excessive  expense.  Engi¬ 
neering  assistance  is  available  for  this  purpose. 

Electrode  Design 

Electrode  design  depends  upon  application. 
Virtually  all  electrodes  for  edge-gluing  are 
either  staggered  or  solid,  as  shown  in  Fig.  8, 
and  both  have  their  advantages  and  disad¬ 
vantages. 

Staggered  electrodes  deliberately  set  up  less 
than  the  full  glue-line  area,  because  of  the 
criss-cross  heating  pattern,  the  remainder  set¬ 
ting  up  within  minutes  or  a  few  hours  after 
removal  from  the  press.  When  less  than  the 
full  area  provides  adequate  strength  to  hold 
the  boards  together,  the  job  is  thus  often 
accomplished  with  somewhat  less  power  for 
the  same  time,  or  in  less  time  with  the  same 
power,  compared  to  solid  electrodes. 

Solid  electrodes,  of  course,  set  all  of  the 
glue-line  area,  leaving  none  to  be  set  up  after 
removal  from  the  press.  If  for  any  reason  it  is 
considered  that  maximum  strength  is  needed 
prior  to  release  of  pressure,  then  solid  elec¬ 
trodes  are  desirable  and  corresponding  power 
and  time  are  required  to  do  the  job.  Both  stag- 
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gered  and  solid  electrode  presses  are  in  wide 
use  for  edge-gluing. 

The  series  air  gaps  shown  in  Fig.  8  should 
be  avoided  whenever  possible.  Small  air  gaps 
encourage  arcs  if  the  system  is  operating  near 
maximum  safe  voltage,  and  larger  air  gaps  usu¬ 
ally  lead  to  critical  tuning  and  generator  insta¬ 
bility.  The  result  of  an  air  gap,  in  any  case,  is 
to  increase  the  necessary  heating  time. 


It  is  now  well- recognized  that  sharp  elec¬ 
trode  corners  must  be  avoided.  Fig.  8  shows 
the  excessive  crowding  of  flux  lines  at  sharp 
corners,  with  corresponding  high  voltage  gradi¬ 
ents  and  tendency  to  arc. 

The  great  majority  of  edge-gluing  installa¬ 
tions  operate  with  one  electrode  grounded  and 
the  other  "hot”  (RF  voltage  to  ground,  not 
temperature)  because  it  usually  simplifies  the 


Fig.  7. — A  typical  well-shielded  and  certified  RF  installation. 
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SOL‘0  eLECTRO'^rs  STAGGERED  ELECTRODES 


Fig.  8. — Electrode  design. 


SPACING 

Fig.  9; — How  electrode  overhang  affects  uniformity 
of  heating. 

generator,  coupling  and  adjustments.  The  RF 
current  flows  not  only  from  the  hot  to  ground 
electrodes  through  glue-line  and  wood,  but 
also,  as  shown  in  Fig.  9,  through  space  to  the 
surrounding  grounded  components  of  the  press. 
The  resulting  field  is  distorted  at  the  electrode 
edges  as  shown  by  the  very  approximate  field 
flux  lines  drawn  in.  These  lines  also  represent 
current  flow;  the  closer  together  they  are,  the 
more  current  there  is,  and  therefore  the  greater 
the  temperature  rise. 

It  is  at^once  apparent  that  (a)  there  is  uni¬ 
form  current  and  therefore  uniform  tempera¬ 
ture  rise  at  the  center  area,  (b)  less  temperature 
rise  at  the  edges  than  at  the  center,  (c)  less 
temperature  rise  near  the ‘ends  of  the  grounded 
electrode  than  the  hot  one,  and  that  (d)  the 
greater  the  electrode  overhang,  the  better  the 
temperature  uniformity. 

As  a  working  rule,  therefore,  the  electrodes 
should  be  arranged  so  that  they  always  over¬ 
hang  the  load  by  at  least  its  thickness,  and  pref¬ 
erably  twice  that.  This  iS'  a  very  simple  matter 
for  conventional  edge-gluing,  and  results  in  ex¬ 
cellent  uniformity  whether  the  system  is  fed 
push-pull  or  grounded. 


For  very  wide  glue  lines,  such  as  encountered 
in  the  lamination  of  arches  and  trusses,  this 
effect  must  be  carefully  taken  into  account. 
For  example,  if  the  electrode  spacing  is  6  inches 
and  the  electrodes  are’  only  12  inches  by  12 
inches  in  area,  there  will  be  such  serious  field 
distortion  that  much  more  heat  will  be  devel¬ 
oped  near  the  hot  electrode  than  near  the 
ground  electrode. 

A  partial  improvement  for  very  wide  glue¬ 
lines  is  to  use  push-pull  electrodes  (both  hot, 
180°  out  of  phase)  with  the  result  indicated 
in  Fig.  10.  It  is  as  if  a  phantom  ground  elec¬ 
trode  had  been  inserted  at  the  dotted  line,  with 
the  result  that  the  distortion  exends  only  half 
as  far  back  beween  the  electrodes  as  it  did  with 
one  grounded.  Push-pull  electrodes  may  be  fed 
either  from  a  push-pull  generator  (called  "dou¬ 
ble  eaded”  by  its  manufacturer)  or  by  a  cou¬ 
pling  circuit  from  a  standard  grounded-output 
generator. 

The  use  of  push-pull  electrodes  for  wide 
glue-lines  is  not  necessary,  however,  if  the  elec¬ 
trodes  are  made  to  overhang  the  load  properly; 
with  adequate  overhang  the  heating  will  be 
same  near  either  electrode. 

It  might  be  mentioned  as  matter  of  interest 
that  by  judicious  adjustment  of  one  or  more  of 
the  factors  (a)  electrode  size  (deficient  over¬ 
hang)  (b)  electrode  shape,  (c)  subnormal  gen¬ 
erator  power  (see  below)  and  (d)  above¬ 
normal  generator  frequency  (see  below)  it  is 
possible  to  spot  a  point  or  plane  of  maximum 
heat  at  virtually  any  desired  location  between 
the  electrodes. 

Electrode  Material 

Electrically  almost  any  non-magnetic  metal  is 
suitable  for  electrodes.  Copper  has  the  desir¬ 
able  high  conductivity,  but  stainless  steel  is 


GROUMOCO  SYSTEM  RUSHRULL  SYSTEM 


Fig.  10. — Push-pull  vs.  grounded  electrodes. 
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quite  adequate  for  the  purpose,  and  is  per¬ 
haps  most  often  used  because  glue  does  not 
tend  to  stick  to  it,  and  occasional  arcs  do  not 
melt  it  too  easily.  Brass  is  often  used.  Alumi¬ 
num  is  excellent  electrically,  but  arcs  eat 
through  it  very  quickly.  - 

Insulation  for  the  support  of  electrodes  must 
be  chosen  and  designed  carefully,  keeping  in 
mind  that  if  RF  heats  it  at  all,  successive  press 
cycles  will  keep  adding  Btu’s  until  it  may  get 
too  hot  and  char  or  blister,  causing  an  arc 
through  it  and  consequent  failure.  At  the  fre¬ 
quencies  used  for  edge  gluing,  ceramics  and 
glass-bonded  mica  (Mycalex,  Mykroy,  etc.) 
are  almost  perfect  insulators,  but  expensive  and 
not  generally  necessary.  The  phenolics  (Mi- 
carta,  Bakelite,  etc.)  are  not  as  good  insulators, 
but  usually  quite  adequate  if  voltage  gradients 
in  them  are  kept  low  and  across  the  lamina¬ 
tions,  and  adjacent  sharp  metal  corners  (in¬ 
cluding  bolt  ends)  are  avoided.  Hardboard 
may  be  used  for  thin  panel  applications.  Well- 
dried  and  sealed  wood  is  almost  as  good,  and 
sometimes  better  than  phenolics  and  is  easier 
to  work,  but  the  same  voltage  gradient  precau¬ 
tions  are  necessary.  We  recommend  maple  dried 
to  one  percent  moisture  content,  sealed  with  a 
low-loss  transformer  insulating  varnish. 

Whenever  practicable,  it  is  helpful  to  intro¬ 
duce  rubber  or  any  other  effective  resiliency  be¬ 
hind  one  side  of  the  electrodes,  so  that  the 
tiny  air  gaps  formed  by  minor  wood  thickness 
tolerances  will  be  minimized.  This  may  permit 
an  increase  in  voltage  without  arcs,  and,  there¬ 
fore,  a  reduction  of  heating  time. 

End-gluing  electrode  design  requires  special 
consideration  which  is  about  the  same  for  batch 
and  continuous  presses.  Each  of  the  three  sug¬ 
gested  types  of  electrode  shown  at  the  right  in 
Fig.  5  may  be  used  with  any  one  of  the  three 
types  of  joint  shown  at  the  left,  with  varying 
efficiencies  and  results.  The-  solid  electrodes 
heat  all  of  the  wood  and  all  of  the  glue,  but 
the  glue  is  electrically  more  in  series  with  the 
wood  than  it  is  in  parallel  with  it.  The  glue¬ 
line  is  so  long  (high  resistance)  that  relatively 
less  current  flows  through  it  from  one  end  to 
the  other.  Consequently  it  is  necessary  for  the 
RF  to  heat  the  wood  much  of  the  way  up  to 
setting  temperature,  the  wood,  in  turn,  heating 
the  glue,  the  remainder  being  taken  care  of  by 


the  glue-line  current.  The  result  is  a  relatively 
poor  efficiency,  because  so  much  power  had  to 
go  into  wood,  requiring  more  power  and/or 
more  heating  time.  The  joint,  however,  will  be 
completely  set  up. 

Feather  edges,  unfortunately,  will  not  be  set 
up  with  any  electrode  arrangement  because  of 
heat  loss  to  cooler  electrodes,  unless  they  are 
maintained  at  an  elevated  temperature. 

Strip  electrodes  for  end-gluing  will  perform 
identically  to  solid  electrodes,  except  that  there 
will  be  unbonded  areas  between  electrodes 
(later  set  up  at  room  temperature),  and  there 
will  be  a  generally  better  bond  around  the  "hot” 
electrodes  than  the  cold,  due  to  field  distortion 
if  the  strip  width  is  comparable  to  stock  thick¬ 
ness.  Wider  strip  widths  reduce  the  latter 
effect.  This  arrangement  is  useful  to  reduce  the 
power  requirements  and/or  heating  time,  if  the 
reduced  joint  strength  is  acceptable. 

If  glue  on  the  electrodes  is  a  problem,  an  air 
gap  may  be  used  with  either  solid  or  strip 
electrodes,  but  there  may  then  be  a  moderate 
increase  of  heating  time  to  avoid  arcs  or  to 
maintain  generator  stability. 

Double-grid  electrodes  may  provide  better 
efficiency  than  solid  or  strip,  because  the  glue¬ 
line  path  between  electrodes  is  about  the  same 
length  as  the  wood  path.  Most  of  the  power  at 
the  joint  accordingly  goes  into  the  glue  line 
rather  than  into  wood,  the  ratio  of  glue  to  wood 
per  unit  volume  being  much  higher  than  for 
edge-gluing.  In  order  for  the  current  to  flow 
through  the  glue  lines,  it  must  also  flow  through 
some  series  wood  under  each  electrode,  so  thaf 
the  amount  of  heat  in  the  glue  decreases  with 
increasing  distance  from  the  nearest  surface. 
When  glue  near  the  surface  sets,  however,  its 
conductivity  drops,  allowing  more  power  to  go 
into  deeper  glue. 

Air  gaps  cannot  be  used  with  double  grid 
electrodes  without  (a)  an  efficiency  reduction 
with  most  generators,  and  (b)  a  substantial 
increase  in  size  of  the  unbonded  (temporarily) 
area  between  opposed  electrodes.  For  some 
situations  these  disadvantages  may  be  offset  by 
the  mechanical  advantages. 

Other  Facilities 

Associated  Facilities  May  Increase  Produc¬ 
tion.  The  production  rate  obtained  from  an 
electronic  press,  per  day  or  per  .man,  is  greatly 
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affected  by  associated  equipment.  One  item 
already  covered  in  detail  is  the  jointer  or  ripsaw 
performance  requirements. 

Most  batch  presses  require  matching  of  the 
stock  before  glue-spread,  to  obtain  approxi¬ 
mately  the  correct  layup  width  for  the  press  and 
finished  panel.  At  least  one  plant  situation  is 
such,  however,  that  no  pre-spread  matching  is 
done  at  all.  The  layup  men  match  as  they  lay 
up,  not  for  final  panel  width,  but  only  suffi¬ 
ciently  to  obtain  pressure  from  the  4-inch  stroke 
of  the  edge  pressure  feet  in  the  press;  this  re¬ 
quires  negligible  time  on  their  part.  The  off- 
bearer  then  feeds  the  glued  panels  of  variable 
width  (within  2  inches  to  3  inches)  through  a 
high-speed  ripsaw  equipped  with  a  fence  for 
proper  panel  size.  Out  of  this  offbearing  rip 
come  exactly  sized  complete  panels,  the  excess 
being  fed  back  to  the  original  jointer  to  go 
onto  another  panel. 

The  principle  of  offbearing  rip  has,  of  course, 
long  been  applied  to  continuous  presses.  The 
incorporation  of  an  automatic  cutoff  saw  might 
be  considered  the  primary  feature  of  continuous 
presses. 

The  RF  Generator 

The  RF  generator  is  nothing  more  than  a 
frequency  changer  which  converts  ordinary  60- 
cycle  power  to  say  5,000,000-  or  10,000,000- 
cycle  power.  Being  about  50  percent  efficient, 
only  half  the  input  power  comes  out  as  high 
frequency,  the  remainder  coming  out  the  cool¬ 
ing  system  as  heat.  As  a  matter  of  convenience, 
input  voltages  are  220  or  440,  three-phase,  and 
output  voltages  (for  wood  gluing)  are  adjust¬ 
able  in  the  neighborhood  of  1,000  volts,  single¬ 
phase.  The  output  is  still  simple  alternating 
current,  identical  with  the  input,  except  that  it 
alernates  so  many  more  times  per  second. 

It  is  not  generally  realized  that  some  glue¬ 
line  heat,  through  infinitesmal,  is  obtained  by 
putting  ordinary  60  cycles,  440  volts,  across  the 
electrodes.  By  using  ordinary  transformers  we 
can  raise  the  60-cycle  voltage  across  the  glue 
line  until  at  several  thousand  volts  it  will  arc 
through.  Even  just  before  such  an  arc  occurs, 
however,  negligible  heat  is  developed  in  the 
glue  line  because  the  wood  is  such  a  poor  con- 
ductof  of  60  cycles,  and-  the  glue  line  makes 
such  poor  contact  with  the  electrodes,  allowing 
negligible  current  to  flow  through  the  glue  line, 
therefore  developing  negligible  heat. 


Now  virtually  all  materials  absorb  more 
power  (for  the  same  voltage)  as  frequency  is 
raised.  Thus  if  we  had  means  to  keep  say  1,000 
volts  across  the  electrodes  while  steadily  rais¬ 
ing  frequency,  we  would  find  that  the  glue  line 
and  wood  would  absorb  energy  faster,  in  turn, 
causing  their  temperature  to  rise  at  faster  rates. 
Hence,  we  use  high  frequency  as  a  means  of 
getting  the  glue  and  wood  to  absorb  energy, 
without  increasing  the  voltage. 

•The  purpose  of  an  RF  generator,  then,  is  to 
supply  sufficient  power  at  the  right  frequency 
and  voltage,  and  nothing  more.  If  it  supplies 
the  correct  frequency  and  voltage  across  the 
loaded  electrodes,  but  the  bond  is  imperfect, 
the  difficulty  cannot  be  in  the  generator,  cou¬ 
pling,  or  tuning  circuits;  they  are  doing  their 
job.  But  let  us  review  the  desirable  character¬ 
istics  of  a  generator: 

Power  Output 

Power  output  is  determined  by  the  pressload. 
Since  a  few  generators  are  rated  on  power  in¬ 
put,  or  Btu.  output,  instead  of  National  Elec¬ 
trical  Manufacturers’  Association  standard 
power  output,  one  must  always  be  careful  to 
ascertain  the  power  output  rating  of  a  gener¬ 
ator,  and  to  use  that  alone  in  calculations. 
Moreover  a  few  generators  are  rated  for  inter¬ 
mittent  duty,  giving  them  an  apparently  higher 
power  output.  While  most  generators  are  in¬ 
deed  used  on  intermittent  duty,  there  are  times 
when  virtually  all  of  them  are  used  for  long 
continuous  periods,  so  it  is  much  safer  to  use 
continuous  duty  poorer  output  ratings  in  cal¬ 
culations. 

Table  3  shows  a  very  convenient  formula 
for  calculating  edge-gluing  time  or  power  re¬ 
quirements.  It  is  universally  applicable  to  con¬ 
ventional  edge-gluing  situations  and  appears  to 
hold  quite  well  for  most  special  applications 
such  as  the  lamination  of  trusses  and  arches, 
having  been  derived  from  production  results  on 

Table  3. — HeatinO  Time  Calculation 

PTA-18G-I-MW 

P  —  Power,  generator  output,  kilowatts 
T  ••  Time,  heating,  aeconcu  (15  to  20  minimum ) 

G  -  Glue-line  area,  square  inches 
M  —  Moisture  contWit  of  wood,  percent  (4  min.) 

W  »Wood  volume,  cubic  inches 


Press: . . .  Batch  Continuous 

Electrodes: _ Staggered  Solid  Staggered  Solid 

.  /Softwoods: .  100  80  94-118  94 

*  ”  IHardwoods: . .  56  44  52-  65  52 


IJ 


215 


FOREST  PRODUCTS  RESEARCH  SOCIETY 


many  installations  of  a  number  of  makes  and 
types.  Because  it  lumps  together  a  number  of 
secondary  effects  such  as  those  due  to  glue  for¬ 
mulation,  frequency,  species,  stock  temperature, 
etc.,  it  can  only  be  approximate,  perhaps  within 
20  percent.  An  example  of  the  calculation  is 
given  in  Table  4. 

Table  4. — Time  Calculation  Example 

Pressload  1  inch  by  40  inches  by  80  inches, 

Stock  —  1  inch  by  2  inches 

Glue-line  Area  G  19  XI X80  — 1520  square  inches  • 

Wood  Volume  W  =  40  XI X80  =  3200  cubic  inches 
Moisture  Content  M  =  7  percent 
Power  Output  P  =22  kw. 

Batch  Press,  Staggered,  Softwood:  A  =  100 

18G-I-MW  18X1520-1-7X3200 
T= - = - =  23  Sec. 

PA  22X100 

It  is  important  to  note  that  4  percent  is  the 
minimum  moisure  content  to  enter  in  the  for¬ 
mula,  even  though  the  actual  moisture  content 
may  be  lower.  This  is  done  because  a  further 
drop  does  not  significantly  reduce  wood  energy 
absorption. 

Likewise,  if  the  heating  time,  using  the  for¬ 
mula,  calculates  less  than  15  or  20  seconds,  a 
lower  power  should  be  used  to  obtain  a  longer 
time.  Times  below  15  to  20  seconds  will  nearly 
always  dry  the  glue,  but  they  do  not  necessarily 
give  it  time  to  polymerize  properly,  thus  may 
result  in  a  poor  joint.  Also  times  below  15  to 
20  seconds  often  require  excessively  high  volt¬ 
ages  and  a  corresponding  danger  of  arcs. 

Time  in  excess  of  60  seconds,  for  conven¬ 
tional  edge-gluing  of  approximately  4/4  stock, 
generally  do  not  permit  the  realization  of  the 
main  cost  savings  of  RF  gluing.  If  the  formula 
gives  a  time  in  excess  of  60  seconds,  more 
power  should  be  used  to  cut  down  the  time. 

Heating  times  greatly  in  excess  of  60  sec¬ 
onds  on  say  4/4  stock  introduce  another  effect, 
illustrated  in  Fig.  11.  Suppose  the  power  is  so 
reduced  that  a  bond  should  be  obtained  in  4 
minutes  instead  of  20  seconds.  In  four  min¬ 
utes  time  there  will  be  considerable  (a)  loss 
of  heat  from  the  glue  line  to  cooler  adjacent 
wood,  thus  further  increasing  the  time  to  (per¬ 
haps)  5  minutes  for  a  good  bond,  and  (b)  loss 
of  heat  from  glue  line  (a  good  heat  conductor) 
to  the  cooler  electrodes,  resulting  in  less  tem¬ 
perature  near  the  surfaces  than  in  the  center. 
Further  compensation  to  get  the  glue  near  the 
surface  to  bond,  without  increasing  power, 
might  take  ten  minutes  total  heating  time.  In 
other  words,  far  insufficient  power  necessitates 


a  more  than  corresponding  increase  of  heating 
time. 

Experimentally  it  is  possible  to  use  this  effect 
of  low  power  and  long  times  to  actually  char 
the  center  region  between  electrodes,  leaving 
uncharred  regions  near  and  at  the  surface  due 
to  heat  losses  therefrom.  A  few  investigators 
have  believed  this  to  be  due  to  a  "standing 
wave”  between  electrodes,  but  nothing  in  our 
experience  has  indicated  other  than  uniform 
current  and  voltage  gradient  in  uniform  mate¬ 
rial  placed  in  a  uniform  field.  The  uniform 
current,  flowing  from  one  electrode  to  the  other 
through  uniform  material,  produces  uniform 
voltage  gradient  and  uniform  heat  input  to  the 
material,  but  the  temperature  rise  of  any  por¬ 
tion  depends  upon  how  much  of  that  heat  is 
retained  and  how  much  is  lost  to  cooler  sur¬ 
roundings. 

For  stock  thickness  of  3  inches  to  6  inches, 
however,  times  of  3  to  5  minutes  are  often 
quite  logical,  and  can  take  advantage  of  the 
fact  that  glues  set  at  a  lower  temperature  the 
longer  it  takes  to  reach  that  temperaure,  which 
effects  some  power  economy. 

A  corresponding  formula  for  end-gluing  has 
not  been  devised,  but  this  same  formula  should 
at  least  provide  a  fair  approximation. 

In  practice  one  must  begin  with  his  antici¬ 
pated  production  rate,  assume  a  convenient  press 
size  for  the  shape  and  size  of  panels  to  be 
made,  and  then  assume  a  generator  continuous 
power  output  rating  to  calculate  the  heating 
time.  If  it  falls  below  15  or  above  60  seconds, 
recalculate  using  less  or  more  power,  respec¬ 
tively.  Then  (using  the  example  of  Table  4) 

POWER  20KW  _ POWER  1.65  KW _ 


VOLTS  TEMP _ VOLTS  TEMPERATURE 
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20  SEC 

5MlK 

10  MIN 

NONE 

RF  ARCS 

NONE 

NONE 

NONE 

EXCELLENT  BONO  NONE  POOR  GOOD 

Fig.  11. — Relation  of  power  to  time. 
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if  the  reload  time  (see  Press  Reload  Time)  is 
15  seconds,  the  total  press  cycle  is  15  plus  23, 
or  38  seconds,  so  the  number  of  pressloads  for 
seven  hours  of  actual  operation  is  3,600  X  7/38 
or  662.  If  the  40-inch  by  80-inch  layup  con¬ 
sists  of  eight  20-inch  by  20-inch  panels,  this  is 
8  X  662,  or  5,296  panels  per  shift,  or  662  X 
3,200/144  or  14,700  board  feet  per  shift,  if 
the  fresh  stock  and  layup  men  keep  up  with  the 
press. 

Assuming  an  optimum  power  of  20  kw.  has 
been  chosen,  and  that  this  power  produces  ex¬ 
actly  the  maximum  safe  electrode  voltage  to 
avoid  arcs  (say  1,000  volts),  and  that  a  good 
bond  is  obtained  in  20  seconds.  Table  5  shows 
the  effect  of  altering  this  power  upward  or 
downward.  Halving  the  power,  of  course,  in¬ 
creases  the  heating  time  correspondingly.  Dou- 


must  be  certified  that  they  so  comply.  Respon¬ 
sible  manufacturers  recognize  this  and  supply 
certificates  with  the  generator,  in  our  case  actu¬ 
ally  afiixed  to  the  door  of  the  equipment. 

Voltage  Variation 

Une  Voltage  variations  must  be  tolerated. 
Most  generators  can  handle  plus  or  minus  5 
percent  variation  without  ill  effects,  but  greater 
variations  will  shorten  tube  life.  If  greater 
variation  is  unavoidable,  automatic  regulating 
transformers  should  be  used  for  the  generator 
oscillator-tube  filaments.  In  fact,  it  is  possible 
to  increase  tube  life  with  automatic  transform¬ 
ers  even  if  the  regulation  is  within  5  percent. 
There  is  no  need,  however,  to  stabilize  the 
entire  input  to  the  generator,  as  variable  plate 
voltage  has  no  effect  on  tube  life.  It  does. 


Table  5. — RF  Power  and  Frequency 

Time  RF  Glue  Line 

-  — - -  Wood  - 


Power 

Seconds 

Excess 

Power 

Volts 

Arcs 

Temp. 

Temp. 

Bond 

Halved _ 

. / 

40  Sec. 

100  percent 

10  kw. 

707  V 

None 

80*F 

180®F 

Excellent 

\ 

20 

0 

10 

707 

Non 

75 

125 

None 

Optimum _ 

20 

0 

20 

1000 

None 

80 

180 

Excellent 

Doubled... . 

. / 

20 

0 

40 

1414 

Arc 

90 

290 

Burn 

1 

10 

40 

1414 

Arc 

80 

180 

Excellent 

Frequency 

Halved _ 

. / 

28  Sec. 

40  percent 

12  kw. 

1000 

None 

770F 

180®F 

Excellent 

\ 

20 

0 

20 

1288 

Arc 

78 

199 

Excellent 

Optimum _ 

20 

0 

20 

1000 

None 

80 

180 

Excellent 

Doubled _ _ 

. . r 

20 

0 

20 

766 

None 

82 

161 

Fair 

i 

24 

20 

20 

766 

None 

84 

180 

Excellent 

bling  the  power  produces  excessive  voltage  and 
probably  arcs.  If  the  arc  does  not  happen  to 
occur,  the  bond  will  be  obtained  in  half  the 
time,  but  this  is  hardly  a  dependable  mode  of 
operation. 

Selection  of  Frequency 

Optimum  Frequency  depends  upon  the  appli¬ 
cation,  and  is  determined  by  the  generator 
manufacturer  who  must  weigh  a  number  of 
factors.  High  frequency  reduces  electrode  volt¬ 
age  and  avoids  arcs,  while  lower  frequency  de¬ 
creases  the  complexity  and  cost  of  tuning  sys¬ 
tems  and  generally  puts  a  greater  proportion  of 
power  into  glue  rather  than  wood.  Five  to  6.8 
MC  is  generally  used  for  edge-gluing,  but  13.6 
MC  is  desirable  in  a  few  specific  cases. 

Shielding 

Generators  must  be  shielded.  In  order  to 
comply  with  FCC  regulations,  all  generators 


however,  affect  power  output;  a  10  percent  line 
voltage  drop  causes  a  10  percent  increase  in 
heating  time  if  the  operator  maintains  constant 
plate  current,  or  20  percent  if  he  does  not,  so 
wide  fluctuations  are  to  be  avoided. 

Tuning 

Tuning  must  be  simple,  the  arrangements 
varying  with  the  manufacturer  and  with  the 
application,  their  purpose  being  always  to  act 
as  a  variable- ratio  transformer  to  vary  the  volt¬ 
age  across  the  electrodes. 

Generators  containing  a  complete  "high- 
loaded  Q”  tank  circuit,  as  contrasted  to  those 
which  make  the  electrodes  part  of  the  tank  cir¬ 
cuit,  will  permit  (a)  automatic  raising  of  elec¬ 
trode  voltage  during  the  heating  cycle,  thus 
shortening  the  heating  time,  and  (b)  location 
of  the  generator  any  distance  up  to  30  or  40 
feet  from  the  electrodes  if  necessary. 
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Manual  or  motor-controlled  tuning  is  usually 
adjusted  by  the  edge-gluing  foreman  when 
there  is  a  major  change  of  load  thickness,  num¬ 
ber  of  glue  lines,  area,  etc.,  by  merely  adjusting 
to  a  specified  value  on  a  panel  meter.  There  is 
no  need  for  attention  between  major  changes. 

Automatic  tuning  can  be  used,  but  it  adds 
complexity  and  a  requirement  for  increased 
technical  maintenance  skill.  Our  experience 
with  automatic  tuning  for  edge-gluing  and  other 
RF  heating  applications  shows  that  there  is 
usually  no  real  economic  advantage  in  using  it, 
particularly  with  generator  designs  which  per¬ 
mit  inherent  raising  of  electrode  voltage  during 
the  heating  cycle. 

Importance  of  Designer  Experience 

Good  design  requires  experience.  Virtually 
all  generator  manufacturers  use  the  oscillator 
tubes  singly  or  in  parallel,  with  one  side  of  the 
output  grounded.  It  is  generally  felt  that  this 
simplifies  design  and  adjustment,  reduces  cost, 
and  facilitates  remote  generator  location  if  de¬ 
sired.  It  also  permits  continued  operation  at 
half  power  in  case  of  failure  of  an  oscillator 
tube,  and  requires  no  balancing  controls. 

Tube  life  is  primarily  a  matter  of  (a)  experi¬ 
enced  tube  desfgn,  (b)  experienced  generator 
design,  (c)  good  line  voltage  regulation  as 
discussed  above,  and  (d)  use  of  the  equipment 
within  manufacturer’s  ratings.  If  these  factors 
are  satisfied,  an  average  life  of  5,000  hours  may 
be  obtained.  Occasionally,  one  will  die  at  1,000 
hours,  but  many  are  still  in  operation  at  15,000 
hours. 

The  RF  generators  used  for  edge  gluing  are 
of  standard  design,  also  being  used  for  wood 
lamination,  cabinet  assembly,  plastic  moulding, 
rubber  preheating,  curing,  and  drying,  etc. 

There  is  no  substitute  for  experienced  gen¬ 
erator  design  and  workmanship.  Even  those 
generator  manufacturers  with  ten  or  fifteen 
years  of  successful  medium-  and  high-power 
broadcast  transmitter  design  behind  them  found 
serious  and  unanticipated  hurdles  when  their 
RF  generators  got  into  the  field.  This  sad  and 
costly  experience  has  led  to  generators,  most  of 
which  today  are  very  foolproof  and  depend¬ 
able,  requiring  only  a  reasonable  amount  of 
maintenance.  Without  the  benefit  of  this  ex¬ 
perience,  it  is  almost  a  foregone  conclusion  that 
any  radio  "ham”  (and  I  am  a  ham)  attempt¬ 


ing  to  design  and  build  a  generator  for  edge¬ 
gluing  will  wind  up  spending  several  times  as 
much  time  learning  how  to  make  it  work  de¬ 
pendably  as  he  did  to  design  and  build  it. 

The  Installation 

Adherence  to  the  foregoing  suggestions,  to 
the  best  practicable  degree,  particularly  in  re¬ 
gard  to  stock  preparation,  will  assure  higher 
production  rates  and  much  lower  costs  per 
board  foot  of  panel  than  otherwise  now  obtain¬ 
able.  Radio  frequency  gluing  is  a  very  high¬ 
speed  tool,  whose  full  economic  advantage  is 
sometimes  not  realized  without  correspondingly 
improving  associated  facilities.  Glues  have 
progressed  very  fast,  and  will  continue  to  do  so, 
to  take  even  further  advantage  of  the  RF  tool. 
Stock  preparation  techniques  are  improving. 

The  writer  is  indebted  to  Messrs.  T.  P.  Kinn, 
M.  P.  Vore,  R.  E.  Kirby  and  C.  P.  Bernhardt 
of  the  Westinghouse  Engineering  and  Sales  De¬ 
partments  for  their  many  contributions  con¬ 
tained  herein,  born  of  long  and  sometimes  sad 
experience  with  many  hundreds  of  RF  heating 
installations. 
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APPENDIX 

As  indicated  at  the  beginning,  the  estimated 
values  in  Figs.  3,  4,  6,  11,  and  Tables  1,  2 
and  5  were  calculated  on  these  assumptions: 

1.  Press  size  and  one-inch  thick  load  such 
that  20  kw.  generator  output  normally 
produces  1000  volts  across  the  electrodes, 
raising  the  glue  line  temperature  from 
70°  F.  to  180°  F.  in  20  seconds.  Glue 
assumed  to  set  immediately  upon  reach¬ 
ing  180°  F.,  regardless  of  excess  time. 

2.  Maximum  safe  voltage  V  =  S°  *;  that  is, 
1000  V  at  1  inch,  330  V  at  I/4  inch, 
189  V  at  Yg  inch. 

3.  Power  in  normal  load  divides  half  to  glue 
lines,  half  to  wood.  Glue  conductivity 
effectively  twice  that  of  wood. 

4.  Generator  loaded  always  to  20  kw.  (alter¬ 
natively  to  10  kw.),  unless  detuned  back 
to  lower  voltage  to  avoid  arcs. 

5.  Brackets  ()  indicate  what  result  would  be 
without  (a)  arcs,  or  (b)  loss  of  mois¬ 
ture. 

The  pressures  indicated  in  Fig.  2  are  not 
calculated,  but  estimates  based  on  the  geom¬ 
etry.  The  flux  lines  in  Figs.  5,  8,  9,  and  10 
are  drawn  only  approximately,  without  the  aid 
of  "curvilinear  square"  technique. 
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Discussion 

From  Floor:  Is  there  a  simple  way  to  deter¬ 
mine  whether  an  edge  has  been  jointed  or 
ripped  properly? 

Mr.  Winlund:  If  adjacent  edges,  prior  to 
glue-spreading,  are  held  together  up  to  the 
light,  it  should  not  be  possible  to  see  light 
through  any  crack.  This  rule  is  especially  valid 
for  wide  and/or  long  stock,  but  some  light 
may  be  tolerated  for  relatively  narrow  stock, 
because  the ’latter  will  bend  more  under  edge- 
pressure. 

This  test  only  indicates  relative  straightness 
and  flatness,  however.  Off-square  edges  are 
usually  detected  by  a  one-sided  bond  after  the 
RF  cycle,  after  making  sure  the  glue-spread  is 
uniform  at  the  time  of  lay-up. 

Mr.  Merrill  Stover  (The  Borden  Company)  : 
Mr.  Winlund,  you  mentioned  that  the  Federal 
Communications  Commission  has  set  a  time  by 
which  all  RF  gluing  installations  must  conform 
to  the  rules.  When  is  it,  and  what  is  involved 
to  shield  present  equipment  to  conform? 

Mr.  Winlund:  The  time  is  June,  1952.  It 
was  established  in  1947,  giving  everyone  five 
years  to  comply. 

Accordingly,  we  redesigned  our  equipment 
and  for  the  past  few  years  have  furnished  only 
generators  certified  to  meet  FCC  rules.  We 
have  also  assisted  certain  press  manufacturers 
with  proper  shielding,  with  the  result  that  the 
entire  installation  can  be  automatically  certified 
upon  installation. 

The  problem  of  existing  uncertified  installa¬ 
tions  is  quite  complex.  Many  are  quite  obvi¬ 
ously  unshielded  and  may  have  to  be  completely 
replaced.  Many  may  appear  to  the  layman  to  be 
shielded,  yet  may  radiate  very  excessively.  It 
should  in  some  cases  be  possible  to  patch  up 
the  leaks,  run  a  survey,  and  certify  the  installa¬ 
tion.  It  is  necessary  for  a  competent  engineer 
to  see  and  study  the  installation  to  determine 
whether  it  can  be  sufficiently  well-shielded  with 
reasonable  expense. 

From  Floor:  I  understand  shielding  is  not 
necessary  if  the  frequency  is  kept  within  the 
FCC  assigned  bands.  If  the  generator  has  an 
indicator  lamp  on  the  panel,  showing  when  fre¬ 
quency  is  in  the  band,  cannot  shielding  be 
ignored  ? 


Mr.  Winlund:  If  the  indicator  shows  when 
frequency  is  about  to  move  out  of  the  band, 
and  if  the  operator  continuously  watches  it 
and  retunes  so  it  never  goes  out,  then  yes, 
shielding  is  not  required  by  law. 

However,  we  are  not  aware  of  any  generator 
on  the  market  having  such  a  precise  indicator. 
An  indicator  lamp  connected  to  a  wave-meter 
behind  the  panel  is  far  too  broad.  Furthermore, 
the  cost  of  an  operator  to  watch  the  lamp  and 
continuously  retune,  even  if  it  did  indicate  reli¬ 
ably,  would  very  quickly  pay  for  the  cost  of 
initial  equipment  shielding. 

Mr.  M.  E.  Dunlap  (Forest  Products  Labora¬ 
tory)  :  In  work  at  the  Forest  Products  Labora¬ 
tory  and  in  contacts  with  the  industry  accuracy 
in  the  machining  of  material  for  edge  gluing 
has  been  found  most  important.  It  is  just  as 
necessary  for  accurate  work  where  high-fre¬ 
quency  dielectric  heating  is  used  as  for  any 
other  type  of  gluing  operation.  The  control  of 
moisture  content,  particularly  the  uniformity  of 
distribution  is  likewise  important. 

Edge  temperatures  may  be  maintained  or 
controlled  by  the  use  of  low  density  fiber  board 
edgings  or  by  the  use  of  a  wet  film  of  paper 
placed  between  the  fiber  board  and  work.  The 
latter  is  placed  perpendicular  to  the  electrodes. 
Heat  is  generated  first  along  the  sides  of  the 
work  and  is  applicable  to  technical  gluing 
rather  than  routine  gluing  operations. 

The  suggestion  of  gluing  pressures  involving 
the  crushing  of  wood  are  probably  somewhat 
dangetous  because  of  weakening  the  wood. 

Mr.  Winlund:  Perhaps  we  should  not  have 
referred  to  pressures  "capable  of  crushing 
wood”  because  the  actual  use  of  such  pressures, 
of  course,  does  weaken  the  wood.  Our  main 
point  is  that  husky  presses  are  needed,  and 
sometimes  pressures  close  to  crushing  are 
needed  to  get  a  real  bond.  If  the  pressure  feet 
are  thinner  than  the  stock,  as  they  usually  are, 
wood  may  be  indented  along  the  pressure- 
application  edge  without  getting  too  close  to 
crushing  at  the  gluelines. 

Mr.  Dunlap:  What  surface  pressure  is  re¬ 
quired  to  keep  the  boards  flat  in  an  edge  gluing 
operation  and  still  not  prevent  loss  of  edge- 
pressure  due  to  platen  friction? 

Mr.  Winlund:  Pressures  up  to  about  10  psi. 
are  used  on  most  batch  presses.  Regarding 
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platen  friction,  it  is  very  desirable  to  provide  a 
"breathing”  cycle  such  that  immediately  after 
edge-pressure  is  applied,  surface  pressure  is 
momentarily  removed  and  reapplied,  permitting 
equalization  of  edge-pressure  throughout  the 
panel.  Without  breathing,  it  is  not  uncommon 
for  the  edges  to  never  quite  meet  on  the  side 
away  from  edge-pressure  application.  Breathing 
completely  removes  this  possibility. 

From  Floor:  All  generators  seem  to  indicate 
a  drop  in  current  as  the  glue  dries  out  in  an 
edge-gluing  load.  Does  this  mean  full  power  is 
obtained  only  at  the  beginning  of  the  cycle,  and 
if  so,  wouldn’t  automatic  tuning  help  to  reduce 
the  time? 

Mr.  Winlund:  You  are  correct  that  plate  cur¬ 
rent,  and  therefore  power  *  output,  is  always 
highest  at  the  beginning  of  the  cycle.  Also  the 
power  output  could  be  kept  constant  with  suit¬ 
able  automatic  tuning  devices  if  there  were 
sufficient  justification. 

Generators  designed  to  make  the  load  part 
of  their  tank  circuits,  which  are  those  requiring 
location  very  close  to  the  press,  maintain  rather 
constant  voltage  across  the  electrodes.  As  the 
glue  dries  out,  current  drops;  and,  therefore, 
power  drops  proportionately. 

Generators  designed  complete  with  an  in¬ 
ternal  tank  circuit,  which  are  those  that  may  be 
operated  either  close  by  or  up  to  30  or  40  feet 
from  the  press,  may  be  so  electrically  coupled 
to  the  load  that  electrode  voltage  rises  consid¬ 
erably  during  the  heating  cycle.  Thus,  as  the 
glue  dries  out,  RF  current  drops,  but  not  as 
much  as  with  constant  voltage,  so  the  power 
(proportional  to  both  current  and  voltage)  does 
not  drop  nearly  so  much.  It  is  analogous  to 
over-compounding  a  generator.  The  result  is  a 
higher  average  power,  and  a  shorter  heating 
cycle. 

Mr.  E.  D.  Marshall  (Texas  Forest  Service) : 
Is  it  best  to  apply  pressure  before  turning  on 
the  RF? 

Mr.  Winlund:  Nearly  all  presses  apply  full 
pressure  before  turning  on  the  RF.  If  for  vari¬ 
ous  reasons  the  pressure  must  be  so  high  as  to 
squeeze  out  excessive  glue,  this  problem  is  met 


by  alteration  of  the  glue  so  that  it  will  not  flow 
out  so  easily. 

However,  there  are  a  number  of  presses 
which  automatically  apply  RF  before  edge- 
pressure  reaches  its  maximum,  partially  drying 
it  to  prevent  excessive  flow  out  of  the  joint. 

Mr.  Everett  L.  Ellis  (University  of  Idaho): 
Reference  in  title  is  made  to  end-gluing.  By 
this  do  you  mean  scarfing;  and,  if  so,  what  dif¬ 
ferences  are  apparent  as  contrasted  with  edge¬ 
gluing? 

Mr.  Winlund:  End-gluing  refers  to  scarfing, 
finger  joint,  or  zee  joints.  'The  differences  in 
contrast  with  edge-gluing  are  given  in  the  pub¬ 
lished  report. 

Mr.  Philip  Reinmuth  (Potlach  Forests,  Inc.): 
Are  there  any  continuous  process  RF  gluing 
machines  available  for  the  gluing  of  veneers; 
if  so,  with  what  success  in  using  both  thin  and 
thick  veneers? 

Mr.  Winlund:  There  are  several  continuous 
veneer  RF  edge-gluing  machines  on  the  market. 
The  Kiehl  veneer  splicer  is  quite  successful, 
especially  with  veneers  up  to  thick.  Much 
work  is  also  being  done  on  RF  plywood  veneer 
splicers,  with  promising,  though  somewhat 
experimental,  results. 

Mr.  R.  G.  DeMoisy  (Institute  of  Forest 
Products,  University  of  Washington)  :  Dr.  Hall 
gave  me  two  minutes  to  tell  this  group  about 
one  of  the  projects  of  the  Washington  Institute 
of  Forest  Products.  We  are  currently  engaged 
in  an  inventory  of  unused  wood  resources  of 
the  entire  State  of  Washington.  Purpose:  to 
interest  and  aid  investors  in  locating  new  in¬ 
dustries  and  greater  payrolls  within  the  State  by 
pointing  out  sources  and  volumes  of  available 
unused  raw  material. 

The  first  report  of  four  northwestern  coun¬ 
ties  indicates  1,627  cu.  ft.  per  acre  left  over 
from  logging  and  a  total  of  35  million  cu.  ft. 
of  available  material  from  logging,  milling  and 
intermediate  cutting.  Present  indications  are 
that  more  than  200  million  cu.  ft.  of  raw  mate¬ 
rial  will  be  revealed,  or  $50,000,000.  in  payroll 
terms.  I  would  appreciate  interested  parties 
giving  me  their  nances  and  addresses  which  I 
will  add  to  our  mailing  list. 
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The  need  for  increasing  the  utilization  of  all  forest  products  is  apparent  when  the  per  capita  consumption 
of  wood  and  pulp  products  is  examined.  To  implement  the  aim  of  the  Food  and  Agriculture  Organization  of 
the  United  Nations  to  raise  the  standard  of  living  throughout  the  less  developed  nations,  more  of  the  produas 
of  the  forest  must  be  consumed. 

In  the  Douglas  fir  region  of  Oregon,  Washington,  and  British  Columbia,  it  is  estimated  that  the  forest 
yield  would  be  increased  20  to  25  percent  if  the  residue  now  being  left  in  the  woods  could  be  utilized. 

In  the  sawmills  of  the  region  utilization  of  the  waste  is  fairly  complete,  but  at  present  tbis  material  is 
diverted  to  relatively  low  value  uses.  Revenue  to  the  mills  in  one  area,  at  least,  amounts  to  only  2.3  percent 
of  the  value  of  the  lumber  produced,  indicating  considerable  room  for  improvement  in  economic  utilization. 


Introduction 

INCREASING  demands  for  all  types  of 
forest  products,  together  with  decreasing 
supplies  of  accessible  virgin  timber,  have 
resulted  in  a  broad  program  for  the  mainte¬ 
nance  of  forest  land  at  full  productive  capacity 
and  for  its  protection  from  fire,  disease  and  in¬ 
sects.  Closely  associated  with  these  problems  is 
that  of  utilizing  to  the  best  possible  advantage 
the  material  harvested  from  the  forest.  This  in¬ 
volves  a  reduction  in  the  large  volume  of  so- 
called  waste  resulting  from  conversion  of  the 
standing  tree  to  its  final  use. 

The  Third  World  Forestry  Congress,  held  at 
Helsinki,  Finland,  in  July,  1949,  recognized 
this  when  it  recommended: 

"The  encouragement  of  integration  of  the 
various  wood-using  industries  .  .  . 

.  .  .  that  efforts  should  be  made  not  only  to 
expand  outlets  for  wood  waste  but  also  to 
create  new  ones  in  conformity  with  technical 
and  industrial  progress  .  .  . 

.  .  .  that  special  attention  should  be  given 
to  the  grading  of  timber  in  order  to  ensure 
to  each  product  its  appropriate  use  .  .  . 

.  .  .  that  scientific  research  aiming  at  the 
utilization  of  wood  waste  should  be  con¬ 
tinued  and  increased  from  the  physical, 
chemical,  mechanical  and  biological  point  of 
view  .  .  . 

.  .  .  that  in  order  to  attain  these  aims,  the 
laboratories  concerned  are  invited  to  co¬ 
ordinate  scientific  and  technical  research  and 

.  •  Published  with  the  permission  of  the  Director 
of  Forestry,  Dept,  of  Resources  and  Development, 
Ottawa. 


F.  A.  O.  should  collect  and  disseminate  in¬ 
formation  on  the  result  achieved  in  various 
countries.”  (2)  . 

In  order  that  the  need  for  utilizing  all  avail¬ 
able  wood  supplies  may  be  appreciated,  a  short 
review  of  the  world  situation  as  reported  in 
various  publications  of  F.  A.  O.  is  presented. 

Europe  and  North  America  together  produce 
about  45  percent  of  the  world’s  output,  although 
they  possess  only  29  percent  of  the  world’s 
accessible  productive  forest.  Latin  America  and 
Africa,  with  34  percent  of  the  world’s  forests, 
produce  about  15  percent  of  the  output.  South 
and  East  Asia  and  the  U.  S.  S.  R.  together  pro¬ 
duce  about  38  percent. 

The  annual  consumption  of  wood  per  capita 
varies  tremendously  and  is  shown  as  follows: 


North  America  (excluding  Mexico) _ 78  cu.  ft. 

Oceania  _ 74  " 

Latin  America _ 46  " 

Europe _ 28 

Africa  _  10.5  " 

Asia -  3.5  "  (2) 


Accepting  these  figures  as  the  present  range 
of  consumption  there  is  obviously  a  need  in 
many  countries  and  continents  for  a  substantial 
rise  in  the  consumption  of  wood  in  all  its 
forms.  This  need  is  greatest  in  the  Far  East  and 
Near  East  but  it  exists  also  in  heavily  forested 
regions  such  as  Latin  America  and  Eastern 
Europe  where  low  incomes  keep  wood  con¬ 
sumption  down.  The  current  volume  .of  wood 
output  cannot  meet  present  needs,  and  unless 
production  is  substantially  increased,  will  not 
meet  future  needs,  since  the  world’s  population 
is  increasing  at  the  rate  of  one  percent  yearly. 
The  forest  output  must  therefore  be  expanded. 
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One  of  the  yardsticks  of  the  standards  of 
living  of  a  nation  is  the  quantity  of  pulp  and 
paper  products  consumed  by  its  people.  The 
F.  A.  O.  Year  Book  Forest  Products  Statistics, 
1948,  gives  some  idea  of  the  annual  quantities 
of  pulp  used  per  capita  in  the  following  zones: 

North  America  (excluding  Mexico) _  244  lbs. 

Australia  and  New  Zealand _ 103  " 

Europe _  461/2 " 

Latin  America _  33  " 

Near  East  and  North  Africa _  41/2  *' 

South  and  East  Asia _  0.9  "  (2) 

Here  again  it  would  appear  that  pulp  produc¬ 
tion  must  be  increased  if  per  capita  consump¬ 
tion  is  even  to  be  maintained. 

The  United  States  and  Canada  produce  67 
percent,  and  Europe  26  percent  of  the  world’s 
pulp  products.  According  to  a  Report  on 
World  Pulp  Problems  by  F.  A.  O.  an  appraisal 
of  the  forest  situation  in  the  United  States, 
published  in  1948,  indicates  that  total  growth 
and  total  drain  are  more  or  less  in  balance. 
There  is,  however,  an  indicated  overcut  of  23 
percent  in  the  coniferous  forests  which  provide 
85  percent  of  all  the  pulpwood  cut.  It  is  esti¬ 
mated  that  the  larger  sizes  of  trees  which  cur¬ 
rently  make  up  a  major  part  of  the  pulpwood 
supply  are  being  overcut  at  the  rate  of  50  per¬ 
cent.  Despite  this  condition,  the  annual  produc¬ 
tion  of  pulpwood  in  the  United  States  is  ex¬ 
pected  to  increase  180  percent  in  the  next  50 
years,  lumber  and  sawn  products  to  remain 
more  or  less  stable  and  fuel-wood  to  decrease. 

One  of  the  methods  by  which  this  increased 
production  is  to  be  accomplished  is  by  the 
closer  utilization  of  residue  now  being  left  in 
the  woods  after  logging  or  destroyed  in  refuse 
burners  during  the  manufacture  of  lumber. 

This  article  deals  with  the  utilization  of  so- 
called  waste  in  the  Douglas  fir  regions  of 
Oregon,  Washington  and  British  Columbia. 


Logging  Waste 

Logging  in  these  regions  is  by  high  lead  or 
modifications  of  the  high  lead  system  with 
heavy  Diesel  or  steam  equipment.  Transporta-  \ 

tion  from  the  woods  to  the  log  dump  is  by  rail¬ 
road  or  truck — the  latter  system  gradually  re¬ 
placing  the  former  in  the  more  recent  opera¬ 
tions.  The  system  is  designed  for  high  speed 
production,  but  it  is  probably  the  most  wasteful 
in  the  world  since  it  causes  considerable  break¬ 
age  and  the  size  and  weight  of  the  equipment 
make  it  unprofitable  to  harvest  much  of  the 
sound  wood  in  the  form  of  small  logs  and 
broken  chunks.  The  debris  is  heavy,  and 
although  frequently  it  is  not  considered  mer¬ 
chantable,  it  contains  much  wood  material 
which  should  have  some  useful  purpose.  Both 
sawmills  and  pulp-mills  have  been  designed  to 
handle  large  logs,  and  with  a  plentiful  supply 
of  high  grade  material  there  has  been  little 
inducement  to  harvest  small  wood.  During  and 
since  the  war  more  and  more  interest  has  been 
shown  in  the  recovery  of  small  wood  left  as 
residue  and  many  studies  have  been  conducted 
in  Oregon,  Washington  and  British  Columbia 
on  the  quantity,  quality,  and  value  of  this 
material. 

Table  1  shows  the  results  of  several  of  these 
studies  over  a  period  of  years  and  indicates  the 
uniformity  of  the  percentage  of  waste  through¬ 
out  the  whole  area. 

There  are  three  general  methods  of  remov¬ 
ing  small  material: 

(a)  Pre-logging. 

(b)  Clean  logging. 

(c)  Re-logging. 

Pre-logging  is  the  process  of  felling  and 
yarding  small  trees  before  the  main  operation. 


Table  1. — Percentage  of  Recoverable  Waste  From  Logging  Operations 


Reported  by' 


A.  H.  Hod^n  1930  (3) _ _ 

J.  H.  Jenkins  &  F.  W.  Guernsey  1931  (4) _ 

Oregon  Forest  Products  Laboratory  1944  (6) _ 

Comox  Logging  Co.  &  B.  C.  Forest^  Seririce  1944  (6) 
U.  S.  Forest  Service  &  Dwyer  Lumber  Co.  IMS  (7) . 
Forest  Products  Laboratory,  Vancouver  1948. 


Percent  of 

original 

Area 

Sound  material  per  acre 

volume 

Ft.b.m. 

Cords 

Washin^on  and  Oregon 

21,  400(*) 

42 

19.7 

British  Columbia 

16,  600(>) 

27 

19.5 

Oregon 

26,  408('>) 

51 

21.0 

British  Columbia 

7, 440(>>) 

15 

19.0 

Oret|[on 

12,  OOOfo) 

24 

. 

Briush  Columbia 

19,  950C)(«I) 

40 

26.0 

For  authorities  reporting  literature  cited  at  end  of  paper. 

(*)  Estimate  only  of  recoverable  waste  (probably  too  high). 

C*)  Actual  volume  removed  in  experimental  logging. 

( °)  Based  on  estimate  of  residue. 

(■*)  Sixty  per  cent  of  the  volume  of  this  material  was  8  inches  and  over  in  diameter  and  10  feet  and  over  in  length. 
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Clean  logging  is  felling  and  yarding  all 
material,  both  large  and  small  during  one  oper¬ 
ation. 

Re-logging  is  the  removal  of  the  small  mate¬ 
rial  and  residue  after  the  main  operations. 

The  three  methods  are  being  practised  in  the 
region  and  the  method  selected  depends  on 
many  factors.  Pre-logging  and  re-logging  oper¬ 
ations  generally  use  special  light  mobile  equip¬ 
ment  for  yarding  and  loading  the  small 
material. 

The  utilization  of  logging  waste  is  mainly 
for  pulpwood.  In  1948,  in  Washington  7.73 
percent  of  the  total  volume  of  wood  used  for 
pulp  manufacture  was  derived  from  logging 
salvage.  (8)  This  is  probably  much  greater 
than  in  either  Oregon  or  British  Columbia. 
The  hydraulic  barker  and  whole  log  chipper 
have  simplified,  to  some  extent,  the  handling 
at  the  pulp-mill.  The  processing  of  salvage 
wood  from  the  Comox  Logging  Company 
study  (6)  indicated  that  the  strength  of 
groundwood  from  the  salvaged  hemlock  was 
slightly  below  that  of  average  hemlock  logs, 
and  that  the  strength  of  groundwood  from 
Douglas  fir  was  less  than  that  of  poor  hemlock. 
This  condition  may  have  been  due  to  the  long 
periods  during  which  the  material  lay  in  the 
woods.  The  wood  also  had  about  three  times 
the  dirt-making  properties  of  normal  pulp  logs, 
but  this  could  possibly  be  greatly  reduced  by 
the  elimination  of  very  knotty  logs.  Pulp  yield 
of  both  hemlock  and  Douglas  fir  was  higher 
than  that  of  normal  hemlock  pulp  logs. 

Logging  waste  also  has  a  value  when  con¬ 
verted  to  lumber.  Table  2  shows  the  results  of 
two  studies  on  the  grade  recovery  of  salvaged 

Table  2 

Study  No.  1  Study  No.  2 


Percent 

Percent 

Grade 

recovery 

recovery 

C  Clear  and  Better . . 

.  3.4 

1.3 

Sdect  Structural _ 

.  2.1 

3.2 

Select  Merchantable _ 

.  6.1 

0.7 

.  6.5 

No.  1  Common _ 

.  6.3 

34.1 

No.'2  Common _ 

.  42.4 

42.2 

No.  3  Common . 

.  25.6 

11.7 

No.  4  Common _ _ 

_  7.7 

6.8 

ToUl _ _ 

. .  100.0 

100.0 

logs.  Study  No.  1  (.5)  was  conducted  by  the 
Oregon  Forest  Products  Laboratory  in  co-opera¬ 
tion  with  a  portable  sawmill,  and  Study  No.  2 
(7)  was  conducted  by  the  Pacific  Northwest 
Forest  and  Range  Experiment  Station,  the  U.  S. 


Forest  Service,  and  the  Dwyer  Lumber  Com¬ 
pany,  using  a  Swedish  type  gang  mill. 

There  are  many  factors  affecting  the  recov¬ 
ery  of  logging  waste,  the  main  factor  being 
economic.  Costs  are  higher  even  when  light 
mobile  equipment  is  used  and  often  a  slight 
downward  trend  in  the  price  of  sawlogs  will 
affect  the  utilization  of  waste  material.  Pulp 
mills  are  reluctant  to  take  too  great  a  volume 
since  they  are  still  geared  to  handle  the  larger 
logs  and  salvage  wood  creates  more  dirt  than 
normal  logs.  The  effect  of  decay  on  the  residue 
also  has  an  important  bearing  on  its  utilization. 
Studies  are  being  conducted  by  the  Forest  Prod¬ 
ucts  Laboratory,  Vancouver,  on  the  effect  of 
deterioration  in  quality  of  logging  residue  and 
on  its  utilization  for  pulpwood  in  the  coastal 
region  of  British  Columbia.  The  study  has  not 
progressed  to  a  point  where  definite  conclusions 
can  be  stated  but  indications  are  that  deteriora¬ 
tion  of  hemlock  and  balsam  (true  fir)  becomes 
apparent  within  one  year  of  the  original  log¬ 
ging.  Several  new  fruiting  bodies  of  fungi  were 
noted  on  one-year-old  residue,  pockets  of  in¬ 
cipient  decay  in  the  sapwood  of  two-year-old, 
and  pockets  of  advanced  decay  in  three-year-old 
material.  The  wood-destroying  fungi  noted 
were  mainly  those  which  attack  cellulose,  pro¬ 
ducing  brown  rot. 

Sawmill  Waste 

The  utilization  of  sawmill  waste  does  not 
present  the  same  problems  as  logging  waste. 
Most  mills  are  in,  or  close  to,  centers  of  popu¬ 
lation  where  transportation  facilities  are  avail¬ 
able  and  the  material  is  more  readily  disposed 
of  in  some  form  or  another.  Consequently  the 
utilization  of  sawmill  waste  in  such  areas  is 
fairly  good,  although  many  of  the  small  and 
mediiun-sized  mills  in  outlying  districts  still 
destroy  most  of  their  residue. 

The  waste  is  of  a  diversified  character  and 
consequently  does  not  lend  itself  for  use  in  any 
one  product.  It  may  be  classified  as  follows: 

Solid  waste  (slabs,  edgings  and  trim). 

Sawdust. 

Shavings. 

Solid  waste  can  be  utilized  in  many  forms,  a 
few  of  which  are: 

Lath. 

Broom  handles. 
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Shingle  bands. 

Pulpwood  and  chips  (pulp  and  board). 

Fuel. 

Hogged  fuel. 

Sawdust  at  the  present  time  is  used  mainly 
for  fuel,  either  by  the  mill  for  the  generation 
of  power  or  by  domestic  and  other  consumers. 
Shavings  at  the  present  time  are  used  almost 
exclusively  for  fuel  by  the  mill,  or  compressed 
into  fuel  briquettes. 


T.\bi.e  3. — Percent  of  Cubic  Volume  Converted 
TO  Sawmill  Waste  in  the  Douglas 
Fir  Region 


Oregon  (9) 


Solid  waste _  19.1 

Sawdust _  14 .  .S 

Total .  33.6 

Total  rough  green 
lumber _  66.4 


Oregon 

and' 

Washing-  British^ 

ton  Columbia  Average 

19.3  14. .S  17.6 

14.1  17.8  15.5 

33.4  32.3  33.1 

66.6  67.7  66.9 


■See  Literature  Citation  (lOi. 
-See  Literature  Citation  (11). 


The  production  of  shavings,  which  does  not 
decrease  the  board  footage  and  actually  in¬ 
creases  the  value  of  the  lumber  amounts  to  8.9 
percent  of  the  total  volume  of  waste  in  Oregon 
and  9.0  percent  in  British  Columbia. 

Assuming  that  1000  ft.b.m.  of  logs  contain 
162  cubic  feet  of  wood  and  that  one  cord  of 
solid  waste  contains  65  cubic  feet  of  wood  (ex¬ 
clusive  of  bark)  every  1000  ft.b.m.  of  logs  cut 
will  produce  28.5  cubic  feet  or  .44  cords  of 
solid  residue.  Also  assuming  that  one  unit  of 
sawdust  contains  80  cubic  feet  of  solid  wood, 
every  1000  ft.b.m.  of  logs  cut  will  also  pro¬ 
duce  25  cubic  feet  or  .31  units  of  sawdust. 

Most  of  this  waste  material  is  used  for  fuel, 
either  by  the  mills  for  developing  their  own 
power  or  sold  as  domestic  or  industrial  fuel. 
In  1944  approximately  (8)  71  percent  of  the 
residue  was  used  for  fuel  in  Western  Oregon, 
86.3  percent  in  Western  Washington  (10), 
and  71  percent  in  the  coast  region  of  British 
Columbia  (H). 

The  percentage  of  residue  sold  for  pulpwood 
and  chips  was  5.1  in  Western  Washington, 
negligible  in  Oregon  (10)  and  about  4  percent 
in  British  Columbia. 

Less  than  one  percent  of  the  waste  is  con¬ 
verted  to  lath,  broom  handle  squares,  or  other 
products  in  Washington  and  Oregon  and  about 
1.5  percent  in  British  Columbia. 


Approximately  28.7  percent  of  the  waste  is 
not  marketed  in  Western  Oregon,  8.1  percent 
in  Western  Washington  and  about  8  to  12  per¬ 
cent  in  British  Columbia. 

The  value  of  the  various  products  is  not 
known  in  Oregon  or  Washington  but  their 
value  has  been  computed  for  British  Columbia, 
based  on  values  obtained  from  the  Dominion 
Bureau  of  Statistics  for  1947. 

They  are  as  follows: 

Value  per 
Cubic  Foot 


Broom  handle  squares _ $0.62 

Lath -  0.58 

Shingle  bands _  0.41 

Pulpwood  and  chips _  0.11 

Solid  fuel _  0.04 

Sawdust _  0.03 

Hogged  fuel _  0.02 


While  the  above  values  refer  only  to  British 
Columbia,  the  relative  values  in  Oregon  and 
Washington  are  probably  of  the  same  order.  In 
the  coast  region  of  British  Columbia  in'  1947 
the  total  value  recovered  from  sawmill  waste 
products  amounted  to  only  2.3  percent  of  the 
value  of  the  lumber  produced.  This  indicates 
that  there  is  room  for  improvement  in  the  eco¬ 
nomic  utilization  of  the  various  products. 

Many  factors  affect  the  utilization  of  sawmill 
waste.  Much  of  the  material  now  being  de¬ 
stroyed  is  unsuitable  for  anything  except  fuel, 
and  even  much  of  this  must  be  processed  in 
some  way  to  make  it  desirable  for  domestic  u.se. 
On  the  other  hand,  much  of  the  material  now 
being  sold  as  fuel  would  benefit  the  sawmill  in 
increased  revenue  by  its  conversion  to  pulp 
chips  or  other  more  valuable  products.  Since 
fuel  is  a  necessity  in  our  economy  it  is  likely 
that  sawmill  waste  will  continue  to  be  used  for 
this  purpose  in  some  form  or  another. 

One  of  the  most  pressing  problems,  how¬ 
ever,  in  British  Columbia  at  least,  is  the  utiliza¬ 
tion  of  hemlock  sawdust,,  and  .solid  waste  too 
small  for  pulp  chips.  It  is  not  a  popular  fuel 
since  its  moisture  content,  green,  is  too  high 
and  its  calorific  value  is  lower  than  that  of 
Douglas  fir.  Any  processing  into  fuel  briquettes 
will  require  the  evaporation  of  water  at  least 
equal  to  the  weight  of  wood  material.  Even 
when  this  material  is  converted  to  hog  fuel  for 
industrial  use,  it  must  be  mixed  with  shavings 
or  oil  to  insure  satisfactory  burning. 
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Cedar  waste,  both  from  sawmills  and  shingle 
mills,  presents  a  similar  difficulty. 

As  a  step  toward  solving  these  problems,  the 
Forest  Products  Laboratory  in  Ottawa  is  study¬ 
ing  the  board-making  qualities  of  cedar  wood 
and  cedar  bark.  The  Laboratory  in  Vancouver 
is  studying  the  extraction  of  tannin  from  the 
bark  of  salt  water  floated  hemlock  logs.  One  of 
the  potential  uses  for  this  tannin  is  in  oil  drill¬ 
ing  mud  where  salt  content  apparently  is  not  a 
deterring  factor.  Laboratory  tests  by  one  oil 
company  indicate  that  it  may  have  possibilities. 

Conclusion 

The  problem  of  the  utilization  of  waste  is  a 
complex  one.  Large  organizations  can  afford 
the  capital  outlay  necessary  to  develop  pulp- 
mills,  board  plants  and  so  forth  to  utilize  to 
best  advantage  the  product  of  the  forest.  There 
is,  however,  the  problem  of  small  and  medium¬ 
sized  operations  where  means  are  limited  and 
where  location  may  preclude  them  from  selling 
to  converting  plants.  It  would  appear  that  for 
them,  at  the  present  time  at  least,  minimum 
returns  from  their  waste  products  must  be 
expected. 

In  the  meantime,  research  organizations  and 
industry  will  continue  to  work  on  the  problem, 
gradually  developing  new  uses  and  products, 
thereby  increasing  the  utilization  and  value  of 
the  present  residue.  Coupled  with  this  develop¬ 
ment  should  come  new  methods  and  machines 
to  utilize  the  smaller  logs  that  will  be  available 
from  the  vast  areas  of  second-growth  soon  com¬ 
ing  into  production. 

World  shortages  of  wood  and  pulp  products, 
and  overcutting  of  our  virgin  forests,  make  it 
imperative  that  proper  utilization  of  all  forest 
products  be  practised.  If  and  when  the  eco¬ 
nomic  unbalance  of  the  world  is  overcome, 
wood  products  of  all  kinds  will  play  their  part 
in  raising  the  standard  of  living  of  the  less 
developed  countries.  Logging  and  sawmill 
waste  will  then  become  too  valuable  to  leave  on 
the  ground  or  to  destroy  in  a  mill  burner. 
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Discussion 

Mr.  Rollo  F.  England  (State  of  Washington 
Institute  of  Forest  Products,  University  of 
Washington) :  What  can  small  and  medium¬ 
sized  sawmills  do,  especially  those  some  dis¬ 
tance  from  converting  plants,  to  utilize  their 
waste  ? 

Col.  W.  B.  Greeley  (West  Coast  Lumber¬ 
men’s  Association) ;  A  promising  development 
to  assist  small  sawmills  in  utilizing  waste  is  the 
installation  of  simple  mechanical  loading  de¬ 
vices  by  pulp  mills  interested  in  building  up  a 
new  source  of  raw  material.  These  pallets  or 
chain  slab  loaders  are  installed  by  the  pulp  mill 
as  sawmills  release  quantities  of  material  and 
transportation  facilities  justify  them. 

Mr.  T.  E.  Kelley  (Washington  State  Col¬ 
lege)  :  There  is  a  necessity  for  a  market  survey 
of  intensive  nature  that  be  made  available  to 
small  operators.  Reducing  slabs  to  uniform  size 
aids  in’ waste  treatment. 


Mr.  Guernsey:  Some  form  of  co-operative 
effort  between  the  sawmills  and  users  of  waste- 
products  will  be  necessary  to  assist  the  saw 
mills. 

Mr.  E.  J.  Reicbman  (Simpson  Logging  Co.): 
Are  values  for  waste  products  net  figures,  that 
is ,  are  capital  investment  costs  taken  into 
account  ? 

Mr.  Guernsey:  No,  they  are  merely  returns. 

Mr.  E.  D.  Marshall  (Texas  Forest  Service, 
A  &  M  College) ;  Your  paper  indicates  that 
broom  handle  squares  give  the  greatest  return 
per  cubic  foot  of  product.  What  was  the  per¬ 
centage  residue  after  manufacture  of  broom 
handles  as  compared  to  manufacture  of  pulp? 

Mr.  Guernsey:  Our  studies  show  that  about 
56  percent  of  the  volume  of  waste  is  of  suit¬ 
able  size  for  manufacture  into  handle  squares. 
It  is  also  estimated  that  about  400  to  500 
squares  are  produced  from  one  cord  of  wood 
waste.  A  rough  estimate  shows  that  .one  cord 
of  mill  waste  will  produce  one  unit  of  chips. 
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WOOD  AWARD  THESIS 

The  Effect  of  Fundamental  Glue-Line  Properties  on 
the  Strength  of  Thin  Veneer  Laminates 

Stephen  B.  Preston 

School  of  Forestry,  Yale  University,  New  Haven,  Connecticut 


*  Introduction 

OOD  fulfills  an  important  need  for  an 
engineering  material  to  be  used  where 
high  strength  requirements  are  com¬ 
bined  with  rigid  weight  limitations.  Lamina¬ 
tion  of  veneer  is  a  method  by  which  wood  may 
be  modified  to  minimize  the  influence  of  char¬ 
acteristics  that  may  tend  to  reduce  its  superiority 
over  other  materials.  Significant  advantages  of 
glued  veneer  construction  are  the  elimination  or 
controlled  location  of  material  of  unreliable 
strength  properties  and  the  possibility  of  attain¬ 
ing  efficiently  whatever  degree  of  strength  may 
be  desired  in  the  laminated  product.  During 
the  war,  both  plywood  and  laminated  wood 
proved  indispensable  in  aircraft  and  boat  con¬ 
struction  where  exacting  weight  and  strength 
requirements  must  be  fulfilled.  The  full  poten¬ 
tiality  of  wood  laminates  can  only  be  realized, 
however,  when  a  complete  knowledge  of  their 
strength  and  physical  properties  is  gained. 

In  current  design  practices,  only  the  inherent 
strength  of  the  wood  constituting  a  glued  assem¬ 
bly  is  considered  (2  4  5  6).  The  effect  of  the 
adhesive  is  neglected  regardless  of  its  percent¬ 
age  in  the  composite  structure.  While  an  in¬ 
crease  in  strength  properties  resulting  from 
lamination  has  been  recognized  by  at  least  one 
American  investigator  ( 11 )  and  is  considered 
in  plywood  strength  computations  by  German 
technologists  (7),  dependable  information  nec¬ 
essary  to  its  application  is  largely  lacking.  This 
investigation  is  part  of  a  more  exhaustive  study 
undertaken  to  contribute  to  the  knowledge  of 
the  strength  and  physical  properties  of  veneer 
construction  in  both  laminate  and  plywood 
forms  and  thereby  to  enhance  the  precision  of 
design  techniques. 


Scope  and  Purpose 

Although  the  synthetic  resin  adhesives  manu¬ 
factured  in  the  United  States  may  be  segregated 
into  major  types  depending  upon  their  principal 
constituents,  significant  chemical  and  physical 
variations  may  exist  within  a  general  type.  In 
addition,  it  is  recognized  that  many  species  of 
wood  have  different  bending  properties.  It  is 
therefore  probable  that  different  wood-resin 
combinations  will  exhibit  properties  which  de¬ 
part  in  varying  degrees  from  those  of  the  wood 
involved.  This  discussion  is  limited  to  one  spe¬ 
cies  of  wood  laminated  with  one  adhesive. 
Although  the  information  gained  does  not  lend 
itself  to  direct  application  to  other  combina¬ 
tions,  it  does  indicate  an  important  influence 
of  fundamental  glue  line  properties  on  a  veneer 
laminate. 

The  specific  objective  of  this  study  is  to  deter¬ 
mine  to  what  extent  yellow-poplar  (JJriodett- 
dron  tulipifera  L.)  veneer  laminates,  bonded 
with  a  phenol-resorcinol-formaldehyde  adhe¬ 
sive,  differ  from  solid  wood  in  tensile  and  flex¬ 
ural  strength  and  elastic  properties.  Fulfillment 
of  this  objective  required  an  investigation  of  the 
effect  of  horizontal  shear  on  the  deformation  of 
laminated  beams,  which  involves  (1)  an  indi¬ 
rect  method  of  determining  modulus  of  rigid¬ 
ity,  (2)  a  method  of  correcting  Young’s  modu¬ 
lus  for  the  influence  of  horizontal  shear,  and 
(3)  a  simple  direct  method  of  determining 
pure  Young’s  modulus  in  bending. 

Procedure 

Design  of  Experiment 

Any  effect  of  an  adhesive  on  the  bending 
and  tensile  strength  properties  of  laminated 
material  should  become  increasingly  more  pro- 
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nounced  if,  in  successive  panels,  the  veneer 
thickness  is  decreased  and  the  adhesive  spread 
is  held  constant.  If  a  sufficient  range- .of  thick¬ 
nesses  is  used,  the  limits  of  influence  should  be 
clearly  reflected.  Therefore,  assemblies  of  1/10-, 
1/20-,  1/40-,  and  l/60-in.  veneers  were  used 
in  the  fabrication  of  panels  for  mechanical 
testing. 

Three  panels  of  each  of  the  four  veneer 
thicknesses  were  prepared,  using  sufficient  sheets 
of  veneer  to  give  a  laminate  thickness  of  ap¬ 
proximately  0.3  in.  Two  tension  and  two  bend¬ 
ing  specimens  were  taken  from  each  panel.  In 
all,  six  beams  and  six  tension  specimens  of  each 
veneer  thickness,  representing  three  complete 
replications,  were  fabricated  for  testing. 

Fabrication  of  Panels 

It  was  necessary  to  use  veneers  that  were 
closely  matched  in  strength  so  that  all  strength 
differences  in  the  glued  specimens  would  re¬ 
flect  only  the  influence  of  the  laminating  process. 
Only  clear,  tight,  straight-grained  veneer  was 
accepted.  Since  density  is  the  most  reliable  in¬ 
dex  of  the  strength  of  clear  wood,  all  sheets 
were  of  matched  specific  gravity  based  on  oven- 
dry  weight  and  volume.  This  was  accomplished 
as  follows; 

1.  The  veneer,  conditioned  to  8  percent  mois¬ 
ture  content,  was  precisely  cut  to  11-  by 
11 -inch  sheets. 

2.  The  average  thickness  of  each  sheet  was 
determined  to  0.0005 -inch  accuracy. 

3.  Each  sheet  was  weighed  to  0.01 -gram 
accuracy. 

4.  The  oven-dry  weight  was  determined  by 

dividing  the  weight  at  8  percent  moisture 
content  by  1  plus  the  moisture  content  ex¬ 
pressed  as  a  decimal  (1  .08). 

5.  The  oven-dry  volume  was  (^termined 
from  the  8  percent  moisture  c^ent  vol¬ 
ume  by  subtracting  the  theoretical  weight 
loss  in  grams  from  8  percent  moisture 
content  to  oven  dry.  (The  assumption 
that  the  volumetric  shrinkage  of  yellow- 
poplar  below  fiber  saturation  point  is 
equivalent  to  the  volume  of  moisture  lost 
was  experimentally  tested  and  found  to  be 
without  significant  error.) 

6.  Specific  gravity  based  on  oven-dry  weight 
and  volume  was  conveniently  expressed 


in  terms  of  weight  and  volume  at  the 
given  moisture  content  by  the  following 
equation : 

^^V  +  MC^-W) 

w 

Equation  1 

SG  =  Specific  gravity,  oven-dry  weight, 
oven-dry  volume  basis 
W  =  Weight  in  grams  at  the  given  mois¬ 
ture  content  (8  percent) 

MC  =  Moisture  content  (8  percent) 

V  =  Volume  in  cubic  centimeters  at  the 
given  moisture  content  (8  per¬ 
cent)  . 

Panels  were  assembled  from  sheets  of  veneer 
averaging  0.46  in  specific  gravity. 

Panels  assembled  from  1/10-,  1/20-,  1/40- 
and  1 /60-inch  veneer  consisted  of  3,  7,  13,  and 
17  laminations  respectively.  The  phenol-resorci¬ 
nol  formaldehyde  adhesive,  Penacoiite  G-1215, 
manufactured  by  Koppers  Company,  Inc.,  was 
used  in  accordance  with  recommendations  of  the 
manufacturer.  Spreads  equivalent  to  45  pounds 
per  1,000  square  feet  of  glue  line  were  em¬ 
ployed.  Panels  were  hot  pressed  for  10  min¬ 
utes  at  200°  F.  with  150  psi.  pressure.  After 
removal  from  the  hot  press,  all  panels  were 
conditioned  for  one  week  in  a  humidity  cabinet 
controlled  at  100*  F.  and  12  percent  equi¬ 
librium  moisture  content  conditions. 

Preparation  of  Specimens 

Two  1-  by  10-in.  beams  and  two  .625-  by  10- 
in.  tension  blanks,  all  of  panel  thickness,  were 
randomly  selected  from  each  panel.  Tension 
blanks  were  shaped  into  specimens  which  were 
proportionately  patterned  after  that  described 
in  A.S.T.M.  Designation  D  805-47  (1).  A 
template  was  used  to  guide  the  blank  against 
the  cutter  head  of  a  jointer  to  insure  precise 
and  uniform  machining.  Prior  to  testing,  all 
specimens  were  conditioned  to  uniform  weight 
under  12  percent  equilibrium  moisture  content 
conditions. 

Procedure  of  Testing 

All  specimens  were  tested  on  a  Baldwin 
Southwark,  hydraulically-operated  testing  ma¬ 
chine  provided  with  two  accurate  low-load 
ranges.  Loads  supported  by  beams  were  meas¬ 
ured  to  0.2-pound  accuracy  with  a  scale  range 
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of  240  pounds  and  those  resisted  by  tension  The  rate  of  loading  was  calculated  to  produce  a 

specimens  were  measured  to  1-pound  accuracy  maximum  fiber  strain  of  0.0015  in.  per  in.  per 

with  a  scale  range  of  1,200  pounds.  min.  Deflections  under  the  load  were  taken  to 

The  small  beams  were  supported  on  sensitive,  failure  to  0.001 -in.  accuracy  with  an  Ames  dial, 

self-aligning  knife  edges  and  were  center-loaded  Span-depth  ratios  of  27  to  1  were  maintained 

in  a  direction  normal  to  the  glue  line  with  a  throughout.  The  specific  gravity  of  each  beam 

bearing  block  meeting  A.S.T.M.  specifications.^  was  determined  following  the  test. 

Table  1. — Strength  Properties  of  Phenol-Resorcinol-Form aldehyde  Glued, 

Yellow  Poplar  Laminates 

Tensile 

Bending  strength  strength 

Fiber  stress 


at 

Modulus 

Modulus 

Work  to 

Work  to 

Maximum 

Specific 

proportional 

of 

of 

proportional 

maximum 

tensile 

S|>ecimen 

gravity 

limit 

rupture 

elasticity 

limit 

load 

strength 

in-Ib. 

in-lb. 

psi. 

psi. 

1,000  psi. 

per  cu.  in. 

per  cu.  in. 

psi* 

1/10-1-1 . 

_  .48 

7,570 

14,300 

1,780 

1.20 

13.80 

17,900 

1/10-1-2 . 

Ave. 

. 50 

6,860 

12,500 

1,680 

1.20 

10.21 

17,200 

1/10-1 . 

. 49 

7,215 

13,400 

1,730 

1.22 

12.00 

17,650 

1/10-2-1 . 

. 49 

7,020 

11,500 

1,640 

1.33 

8.48 

17,100 

1/10-2-2 . . 

Ave. 

_  .61 

7,650 

13,000 

1,760 

1.41 

13.20 

19,200 

1/10-2 . . 

. 50 

7,335 

12,250 

1,700 

1.37 

10.84 

18,650 

1/10-3-1 _ 

_  ..56 

7,180 

13,300 

1,820 

1.25 

12.02 

13,400 

1/10-3-2... . 

Ave. 

. 54 

7,160 

12,300 

1,580 

1.42 

10.12 

16,800 

1/10-3... . 

. 55 

7,170 

12,800 

1,700 

1.34 

11.07 

15,100 

AVE.  1/10.-- . 

. 51 

7,240 

12,810 

1,710 

1.31 

11.30 

17,100 

1/20-1-1 . 

. 63 

7,950 

12,900 

1,940 

1.44 

7.14 

16,100 

1/20-1-2..,- . 

Ave. 

. . 60 

7,600 

12,700 

2,010 

1.27 

7.60 

16,400 

1/20-1 . 

_  .615 

7,775 

12,800 

1,985 

1.35 

7.32 

16,200 

1/20-2-1 _ 

. 62 

8,000 

12,700 

1,980 

1.43 

9.52 

17,100 

1/20-2-2 . . 

Ave. 

. 63 

7,770 

12,400 

1,950 

1.40 

8.32 

17,600 

1/20-2 . 

. 625 

7,885 

12,550 

1,965 

1.42 

8.95 

17,300 

1/20-3-1 _ _ 

_  .67 

7,200 

11,800 

1,820 

1.27 

7.76 

15,200 

1/20-3-2. . 

. 60 

7,950 

13,100 

1,760 

1.60 

8.30 

17,100 

Ave. 

1/20-3 _ 

. 585 

7,575 

12,450 

1,790 

1.64 

8.02 

16,650 

AVE.  1/20 . 

. . 61 

7,745 

12,600 

1,913 

1.47 

8.10 

16,730 

1/40-1-1 . 

. 69 

7,550 

12,100 

1,920 

1.33 

7.03 

20,000 

1/40-1-2 . . 

Ave. 

. 73 

6,500 

13,100 

2,050 

.92 

10.66 

19,300 

1/40-1 . 

. 71 

7,025 

12,600 

1,985 

1.13 

8.85 

19,650 

1/40-2-1.'. . 

_  .72 

6,800 

12,900 

1,820 

1.13 

11.42 

18,600 

1/40-2-2.... . 

Ave. 

_  .72 

7,670 

13,100 

2,100  • 

1.26 

8.30 

21,000 

1/40-2 _ _ 

_  .72 

7,235 

13,000 

1,960 

1.19 

9.86 

19,800 

1/40-3-1 . 

. 72 

7,000 

12,500 

2,040 

1.07 

8.20 

20,200 

1/40-3-2 _ 

Ave. 

_  .76 

8,180 

14,100 

2,990 

1.41 

11.77 

19,500 

1/40-3 . 

. 74 

7,590 

13,300 

2,065 

1.24 

9.98 

19,850 

AVE.  1/40 . 

_  .72 

7,280 

12, 970 

2,005 

1.19 

9.56 

19,770 

1/60-1-1.. . 

. . 85 

7,870 

14,300 

2,180 

1.21 

15.00 

22,400 

1/60-1-2 . . 

Ave. 

_  .82 

6,830 

13,200 

1,970 

1.29 

12.05 

23,100 

1/60-1 . 

.836 

7,350 

13,750 

2,075 

1.25 

13.53 

22,760 

1/60-2-1 _ 

-.  .84 

7,700 

14,000 

2,050 

1.29 

13.05 

21,000 

1/60-2-2 . 

Ave. 

. 81 

7,070 

12,600 

1,910 

1.18 

11.00 

22,300 

1/60-2 . 

. 825 

7,385 

13,300 

1,980 

1.24 

12.03 

21,6.50 

1/60-3-1 _ _ 

. 87 

7,570 

12,200 

2,100 

1.23 

10.70 

21,400 

1/60-3-2 . 

Ave. 

. 86 

7,050 

13,400 

2,120 

1.04 

10.77 

19,300 

1/60-3 . . 

.865 

7,310 

12,800 

2,110 

1.14 

10.74 

20,350 

AVE.  1/60 . . 

. 84 

7,270 

13,280 

2,055 

1.21 

12.10 

21,580 
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Tension  specimens  were  supported  in  Tem- 
plin  grips  and  loaded  to  failure  at  a  rate  of 
0.07  in.  per  min.  The  increase  in  rate  of  load¬ 
ing  over  that  specified  in  A.S.T.M.  Designa¬ 
tion  D  805-47  was  found  to  have  no  significant 
effect  on  maximum  tensile  strength  values. 

Results 

The  results  of  standard  tests  including  prop¬ 
erties  of  individual  specimens  and  averages  for 
each  panel  and  for  laminates  of  each  veneer 
thickness  are  presented  in  Table  1.  Test  speci¬ 
mens  are  identified  with  veneer  thickness,  panel 
number  and  sample  number.  The  sample  num¬ 
bers  of  bending  and  tension  specimens  are  in¬ 
dependently  assigned.  The  specific  gravity  of 
each  beam  is  given  and  the  average  of  the  two 
values  is  considered  the  average  of  the  panel. 
The  static  bending  properties,  fiber  stress  at 
proportional  limit,  modulus  of  rupture,  modulus 
of  elasticity,  work  to  proportional  limit,  and 
work  to  maximum  load,  and  the  tension 
strength-  property,  maximum  tensile  strength, 
are  tabulated. 

Discussion  of  Results 
Specific  Gravity 

The  specific  gravity  of  a  casting  of  the  poly¬ 
merized  adhesive  was  found  to  be  1.25.  As 
logically  antipicated,  the  specific  gravity  of  the 
laminates  increased  materially  with  decreasing 
veneer  thickness.  In  order  to  interpret  intelli¬ 
gently  the  results  of  mechanical  testing,  it  is  of 
importance  to  distinguish  between  the  increase 
in  specific  gravity  resulting  from  addition  of 
resin  and  that  resulting  from  compression  of 
the  wood  in  gluing.  Knowing  the  total  un¬ 
pressed  thickness  of  the  veneer  in  each  assem¬ 
bly,  the  thickness  of  the  pressed  assembly,  and 
the  average  thickness  of  the  adhesive  layers  be¬ 
tween  veneers,  the  total  percent  of  compression 
could  be  closely  estimated.  For  these  computa¬ 
tions  the  liberal  value  for  average  glue-film 
thickness  of  0.002  in.  was  used.  Table  2  pre¬ 


sents  a  sununary  of  factors  influencing  the  spe¬ 
cific  gravity  of  the  pressed  panels. 

The  trend  of  increasing  compression  with  in¬ 
creasing  number  of  glue  lines  per  unit  of  panel 
thickness  is  of  significance.  It  is  recognized 
that  wood  is  appreciably  plasticized  with  im¬ 
pregnating  resins  (14)  and  that  thin  veneers 
in  combination  with  Tego  film  can  be  readily 
compressed  (12).  The  foregoing  data  indicate 
a  similar  plasticizing  effect  imparted  by  a 
phenol-resorcinol-formaldehyde  resin.  There¬ 
fore,  it  is  to  be  expected  that  the  increase  in 
density  is  largely  associated  with  the  degree 
of  penetration  of  the  resin  and  is  not  of  uni¬ 
form  occurrence  throughout  the  cross  section  of 
the  laminate.  This  is  supported  by  the  com¬ 
pressed  and  distorted  appearance  of  the  rays  in 
the  vicinity  of  the  glue  line  (Fig.  1). 

Tensile  Strength 

In  Technologie  des  Holzes  (7),  Kollmann 
states  that  the  adhesive  makes  an  important 
contribution  to  the  tensile  strength  of  plywood, 
dependent  upon  the  extent  of  glue  penetration. 
He  does  not,  however,  elaborate  upon  this  state¬ 
ment  except  to  point  out  that  maximum  tensile 
strengths  are  attained  when  very  thin  veneers 
are  glued  with  synthetic  resins.  This  increase  in 
strength  is  attributed  to  the  fact  that  the  ad¬ 
hesive  minimizes  shearing  failures  which  result 
in  long-fibered,  or  splintering,  tension  failures. 
Thus,  in  veneer  into  which  the  glue  has  pene¬ 
trated,  the  intrinsic  tensile  strength  of  the  wood 
fiber  is  more  nearly  approached. 

The  theory  advanced  by  Kollmann  is  strongly 
supported  by  the  results  of  tension  tests  of  lami¬ 
nated  yellow-poplar  veneer  in  the  present  study. 
A  trend  of  increase  in  strength  accompanies  the 
decrease  in  veneer  thickness  from  laminates  of 
1 /20-in.  to  1 /60-in.  veneer.  Laminates  of 
1/10-  and  1/20-in.  veneer  have  similar  strength 
properties.  A  statistical  analysis  of  variance  (13) 
significantly  separates  the  1/10-  and  1/20-in. 
veneer  classes  from  the  other  two.  The  analysis 
shows  an  80-percent  probability  of  the  1  /60-in. 


Table  2. — Summary  of  Factors  Contributing  to  Panel  Speofic  Gravity 


Averse  initial  Percent  wt.  of  Computed  ave. 


thicimeaa  dry  resin  Specific  specific  gravity 

Nominal  veneer  thickness  of  veneer  based  on  o.d.  wt.  Percent  gravity  of  of  wood  in 

in.  in.  of  wood  compression  assembly  assembly 

1/10 . .0967  7. .5  2.5  .51  .47 

1/20...  .  .0491  19.4  5.7  .  61  .49 

1/40 .  .0246  41.5  10.2  .  72  .  51 

1/60 .  .0174  60.0  14.5  .84  ..53 
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Fig.  1. — Cross  sections,  enlarged  to  15  diameters,  of  laminates  made  with  various  thicknesses  of  veneer. 
(A)  l/lO-inch.  (B)  l/2()-inch.  (C)  l/40-inch.  (D)  1/60-inch. 
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veneer  laminate  being  stronger  than  the  1 /40- 
in.  It  is  believed  that  significance  at  the  95- 
percent  level  between  these  two  would  result 
from  a  greater  number  of  tests. 

Since  sufficient  tensile  strength  data  for 
yellow-poplar  are  not  available  for  accurate 
computations  of  strength-specific  gravity  rela¬ 
tionships,  it  is  assumed  for  the  purpose  of  com¬ 
parison  that  tensile  strength  is  a  rectilinear 
function  of  specific  gravity  within  the  range  rep¬ 
resented  by  the  wood  in  the  pressed  panels. 
Table  3  shows  a  comparison  of  actual  and  the¬ 
oretical  tension  values.  The  strength  of  1/10- 
in.  veneer  laminates  is  assumed  to  he  unaffected 
by  the  adhesive  and  is  used  as  a  base  for  spe¬ 
cific  gravity  corrections. 

It  may  be  observed  from  Table  3  that  spe¬ 
cific  gravity  increases  can  account  only  for  7.8 
and  12.9  percent  strength  increases  above  that 


Bending  Strength 

The  only  bending  property  that  reflects  a  defi¬ 
nite  influence  of  the  laminating  process  is 
modulus  of  elasticity  or  Young’s  modulus. 
Moduli  of  elasticity,  presented  in  Table  1, 
clearly  increase  with  decrease  in  thickness  of 
the  laminae.  THe  trend  is  confirmed  by  a  sta¬ 
tistical  analysis  of  variance  (1^)  which  indicates 
that  1/10-in.  vrneer  laminates  are  significantly 
lower  in  modulus  of  elasticity  than  the  other 
three  classes  and  that  1 /20-in.  veneer  lami¬ 
nates  are  significantly  lower  than  1  /60-in.  It  is 
indicated  that  the  change  in  elastic  properties  is 
not  sufficiently  pronounced  to  be  positively  re¬ 
flected  in  differences  between  all  veneer  thick¬ 
ness  classifications. 

If  the  increase  in  density  resulting  from  com¬ 
pression  were  uniform  throughout  the  cross  sec¬ 
tion  of  the  beam,  the  increase  in  modulus  of 


table  3. — A  Comparison  of  Tensile  Strength  Values  From  Testing  With  Theoretical  Values  of 
Similar  Material  Influenced  Only  by  Specific  Gravity  Change 

‘  Specific  gravity  Theoretical  Actual 


Veneer  thickness  of  compress^  tensile  strength  tensile  strength 

in.  veneer  psi.  psi. 

1/10 . .47  17,100  17,100 

1/20 . .49  17,800  16,730 

1/40 . .51  18,550  19,770 

1/60 . .53  19,300  21,580 


for  the  1/ 10-in,  laminate  for  l/40-  and  1 /60- 
in.  laminates  respectively,  while  the  actual  in¬ 
creases  were  15.6  and  26.2  percent  respectively. 
The  tensile  strength  of  the  adhesive  itself  can 
be  assumed  to  be  similar  to  that  of  a  cast, 
cellulose-filled  phenolic  molding  powder  which 
is  but  6,500  to  9,500  pounds  psi.  (13).  An 
increase  in  tensile-strength  values  of  a  wood- 
resin  system  above  the  strength  of  either  com¬ 
ponent  is  therefore  apparent. 

Examination  of  the  types  of  failures  resulting 
from  stresses  in  tension  (Fig.  2)  indicates  this 
increase  in  tensile  strength  may  be  partially 
attributed  to  the  development  of  the  inherent 
.strength  of  the  wood  fibers.  Laminates  of  1/10- 
and  1 /20-in.  veneer  exhibited  a  shearing  type 
failure,  indicating  a  separation  of  fibers  in 
longitudinal  planes  of  least  resistance,  while 
the  1/40-  and  the  1 /60-in.  veneer  laminates 
showed  increasingly  more  nearly  transverse  fail¬ 
ures.  Failures  of  the  l/60-in.  veneer  specimens 
were  essentially  perpendicular  to  the  direction 
of  applied  stress. 


Fig.  2. — ^Typical  tension  failures  in  laminates  made 
with  various  thicknesses  of  veneer.  (A)  1/10-inch. 
(B)  1/20-inch.  (C)  l/40-inch.  (D)  1 /60-inch. 
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elasticity  could  not  satisfactorily  be  explained 
by  this  alone.  Table  4  compares  moduli  of 
elasticity  determined  from  testing  with  values 
computed  by  correcting  the  average  value  of  the 
1 /10-in.  veneer  laminates  for  the  increase  in 
veneer  specific  gravity  resulting  from  compres¬ 
sion.  The  accepted  exponential  relationship  f'4/. 

E  G 

— — — 1.25,  in  which  Equation  2 

E'  (G')  ^ 

E  =  Modulus  of  elasticity  at  specific  grav¬ 
ity,  G  and 

E'=  Modulus  of  elasticity  at  specific  grav¬ 
ity  G'  was  used. 


strains  in  a  rectangular  beam  are  contingent  up¬ 
on  the  ratio  of  span  to  depth,  the  type  of  load¬ 
ing,  and  the  modulus  of  rigidity  in  a  plane 
parallel  to  the  neutral  axis.  Since  shearing  de¬ 
formations  are  reflected  in  beam  deflections,  a 
working  knowledge  of  the  extent  of  this  effect 
is  important  in  precise  design  techniques. 

Timoshenko  (16)  has  shown  that  additional 
deflections  resulting  from  shearing  strains  in  a 
cantilever  beam  can  be  determined  from  strain- 
.energy  relationships  and  that  the  modified 
equation  for  the  determination  of  bending  de¬ 
flections  becomes 


Table  4.— A  Comparison  of  Modulus  of  Elasticity  Values  from  Testing  with  Theoretical  Values 
For  Similar  Material  Influenced  Only  by  Speofic  Gravity 


Veneer  thickness 
in. 

1/10 _ _ _ _ - . 

1/20 . . . . . - . 

1/40 . - . 

1/60- . - . - . - . - . 

It  is  apparent  from  the  foregoing  table  that 
specific  gravity  influences  account  for  5.25,  10.5 
and  16.0  percent  increases  in  Young’s  modulus 
for  the  1/20-,  1/40-,  and  l/60-in.  veneer 
laminates  respectively,  and  respective  increases 
were  determined  through  tests  to  be  10.9,  17.3 
and  20.2  percent.  Although  the  improvement 
in  modulus  of  elasticity,  which  cannot  be  attrib¬ 
uted  to  specific  gravity  increase,  is  not  as  pro¬ 
nounced  as  that  shown  by  tensile  strength,  the 
data  strongly  indicate  an  additional  influence  of 
factors  other  than  veneer  compression. 

Published  data  (13)  indicate  that  the  modu¬ 
lus  of  elasticity  of  the  adhesive  does  not  exceed 
1,100,000  psi.  Therefore,  it  can  contribute  to 
improvement  of  the  elastic  modulus  of  a  lami¬ 
nate  only  as  a  result  of  impregnation  into  the 
cell  cavities,  or  as  a  result  of  combination  with 
the  cell  wall  to  form  an  amalgam  with  proper¬ 
ties  differing  from  those  of  its  components.  In 
either  event,  additional  stiffness  can  be  attrib¬ 
uted  only  to  that  portion  of  the  veneer  into 
which  the  adhesive  has  penetrated.  It  obviously 
follows  that  a  laminate  is  a  material  of  com¬ 
posite  cross  section,  the  components  of  which 
exhibit  materially  different  elastic  properties. 

When  a  material  is  stressed  in  flexure  it  is 
recognized  that  tensile,  compressive,  and  shear¬ 
ing  stresses  are  operative  16).  The  magni¬ 
tude  and  consequent  importance  of  shearing 


Theoretical  modulus  Actual  modulus  of 


Veneer 

of  elasticity 

elasticity 

s|>ecinc  gravity 

1,000  psi. 

1,000  psi. 

.47 

1,710 

1,710 

.49 

1,800 

1,913 

.51 

1,890 

2,005 

..5.3 

1,985 

2,055 

PD/ 

'  3,h2E\ 

in  which 

a  = 

3m\ 

/  +To(l)g)' 

Equation  3 

tt  =■  total  deflection 
P  =z=  load,  pounds 
L  =■  span 
h  =  depth 

E  =  modulus  of  elasticity 
I  =  moment  of  inertia  about  the  neutral 
axis 

G  =  modulus  of  rigidity. 


It  is  further  shown  by  Timoshenko  that  the  de¬ 
flection  of  a  simple  beam  can  be  most  accurately 
computed  by  treating  the  beam  as  two  cantilever 
beams  loaded  by  the  reactions. 

The  effective  modulus  of  elasticity  of  a  canti¬ 
lever  beam  with  a  given  span-depth  ratio  is 

PD 

expressed  by  the  equation,  E'  = - .  The  rela- 

3al 


tionship  of  the  true  modulus  of  elasticity  to  the 
experimentally  determined  value  is  expressed 


by  equation,  E  =  E' 


magnitude  of  the  discrepancy  between  experi¬ 
mental  and  true  modulus  of  elasticity  values  is 
dependent  upon  the  square  of  the  span-depth 
ratio  and  the  modulus  of  rigidity.  Materials 
with  a  high  ratio  of  modulus  of  elasticity  to 
modulus  of  rigidity  exhibit  important  differ- 
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dices  in  effective  moduli  of  elasticity  at  differ¬ 
ent  span-depth  ratios.  Since  the  modulus  of 
rigidity  of  wood  in  a  direction  parallel  to  the 
fibers  is  but  .05  to  .07  Young’s  modulus  (5), 
shearing  deformations  in  beams  of  practical 
lengths  and  depths  are  often  significant. 

The  modulus  of  elasticity  of  u  material  of 
homogeneous  cross  section,  as  determined  from 
compression  or  tension,  is  closely  approximated 
by  that  determined  from  bending  a  simple  beam 
with  an  infinite  span-depth  ratio.  Therefore, 
in  the  case  of  solid  wood,  the  modulus  of  elas¬ 
ticity  in  pure  bending  is  approximately  the  same 
as  that  in  compression.  In  the  material  of  com¬ 
posite  cross  section,  such  as  plywood  or  lami¬ 
nated  wood  where  the  layers  of  different  elastic 
properties  are  parallel  to  the  neutral  plane,  the 
pure  modulus  of  elasticity  in  bending  differs 
appreciably  from  that  in  tension  or  compres¬ 
sion  (4).  This  difference  is  explained  by  the 
fact  that  the  strain  throughout  the  cross  section 
of  a  column  is  uniform  and  all  layers  of  similar 
elasticity  are  equally  stressed,  but  the  strain  of 
each  layer  paralleling  the  loaded  face  of  a  beam 
varies  with  its  distance  from  the  neutral  plane; 
consequently,  the  stress  differs  with  position  of 
the  layer  as  well  as  its  elasticity.  The  elasticity 
of  a  beam  of  composite  cross  section  is  ex¬ 
pressed  by  the  equation  (4), 


E 


1  i  =  n 

=  — >  E,  I,  in  which 


Equation  4 

E  =  elastic  modulus  of  beam 
I  =  moment  of  inertia 
E,  =  elastic  modulus  of  ith  layer 
I  =  moment  of  inertia  of  ith  layer 


to  be  less  than  that  determined  from  tension  or 
compression. 

For  many  species  of  solid  wood,  either  de¬ 
flections  or  elasticity  values  at  any  span-depth 
ratio  can  be  readily  computed  since  moduli  of 
rigidity  and  elasticity  are  both  available.  Work 
at  the  Forest  Products  Laboratory  has  demon¬ 
strated  the  effectiveness  of  the  consideration  of 
shearing  deformation  in  deflection  computa¬ 
tions  (10).  However,  in  the  case  of  plywood 
or  laminated  wood  effective  modulus  of  rigidity 
is  not  clearly  established  and  modulus  of  elas¬ 
ticity  in  bending  is  not  comparable  with  that  in 
compression.  Unless  these  variables  can  be  as¬ 
certained,  the  utility  of  Young’s  modulus  deter¬ 
mined  from  bending  at  a  given  span-depth  ratio 
is  narrowly  limited. 


The  equation,  E' 


1  +  — 

lo'^L'G 


expresses 


modulus  of  elasticity  of  a  cantilever  beam  as  a 
hyperbolic  function  of  the  square  of  the  depth- 
span  ratio.  The  curve  of  modulus  of  elasticity 
in  bending  approaches  that  devoid  of  shearing 
influences  as  an  asymptote  parallel  to  the  x-axis. 
'The  equation  remains  valid  for  a  simple  beam 
if  the  square  of  one-half  of  the  depth-span 
ratio  is  substituted. 

A  linear  transformation  of  a  hyperbolic  rela- 


X 

tionship  can  be  made  by  expressing  — as  a  func¬ 
tion  of  X.  This  specific  hyperbola  may  be  trans¬ 
formed  by  the  following  steps: 


E'  = 


3  h»  E 


and  that  of  a  column  of  composite  cross  section 
is  expressed  by  the  equation  (4), 

^  i  ==  n  Equation  5 

E  =  —  >  E,  A,  in  which 
^  i  =  1 

E  =  elastic  modulus  of  column 
A  =  cross-sectional  area 
E,  =  elastic  modulus  of  ith  layer 
A|  =  cross-sectional  area  of  ilh  layer 

In  the  case  of  a  veneer  laminate  in  which  the 
areas  of  high  modulus  of  elasticity  are  concen¬ 
trated  at  the  glue  line,  the  pure  Young’s  modu¬ 
lus  determined  from  bending  can  be  expected 


h^  _  1  expression  of  depth- 

,  L“\  fraction 


(y) 


with  unit  numerator 


2.  E'  = 


1  — 

(y)^ 


simplification 


(H)G  +  .3E 


L2 


G 
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L*  L* 

3-  —  =  (~)  ^  “i"  transposition  to 

f— )  - rectilinear  form 

GE 


L*  3  1  L* 

4.  — =-^ — 1 - ( — 1  simplification 

_2_  G  e''  2  ^  ^ 

E' 


Equation  4  is  a  simplified  rectilinear  form 
.3 

of  the  hyperbola.  The  term,  ’  ,  is  graphically 

G 


represented  by  the  intercept  of  the  curve  with 
the  y-axis,  and  the  asymptote  parallel  to  the 
x-axis  or  pure  modulus  of  elasticity  in  bending 
is  the  reciprocal  of  the  slope.  This  relationship 
should  provide  an  indirect  method  of  deter¬ 
mining  both  modulus  of  rigidity  and  modulus 
of  elasticity  in  pure  bending. 

In  order  to  confirm  this  theory  and  to  deter¬ 
mine  variables  necessary-  for  the  computation 
of  modulus  of  elasticity  values  for  any  desired 
span-depth  ratio,  additional  mechanical  tests 
were  necessary.  One  beam  was  taken  from  the 
remaining  portion  of  two  panels  of  each  veneer 
thickness.  In  addition,  two  control  beams  of 
solid  wood  with  a  specific  gravity  value  of  0.47 
were  selected  for  comparison.  The  beams  were 
conditioned  to  approximately  10  percent  mois¬ 
ture  content  prior  to  testing.  Each  was  then 
loaded  as  a  simple  beam  with  span-depth  ratios 
of  26/1,  22/1,  18/1,  and  14/1,  sufficient  de¬ 
flections  being  taken  to  0.0001  inch  accuracy 
during  each  loading  to  establish  stress-strain  re¬ 
lationships.  At  no  time  was  proportionality  ex¬ 
ceeded.  Since  the  influence  of  variable  over¬ 
hang  on  shearing  deformations  in  this  type  of 
material  had  been  previously  proven  insignifi¬ 
cant,  beams  were  not  reduced  in  length  after 
each  loading.  Modulus  of  elasticity  values  were 
computed  for  each  condition  of  loading  by  the 

PL3 

conventional  equation  E  = — in  which  the 
^  4abd3 

previously  unidentified  symbols  b  and  d  arc 
respectively  the  width  and  depth.' 


Table  5  presents  a  summary  of  the  data  thus 
collected. 

The  data  presented  in  the  foregoing  table 
were  found  to  closely  approximate  the  theo¬ 
retical  hyperbolic  trend  as  illustrated  in  Fig.  3. 
A  linear  transformation  of  the  data  obtained  for 


Fig.  3. — Relationship  of  Young’s  modulus  to 
span-depth  ratio. 

each  specimen  was  made  by  balancing  a  straight 
line  through  the  points  resulting  from  plotting 
the  quotient  of  one-half  of  the  square  of  the 
span-depth  ratio  divided  by  the  effective  modu¬ 
lus  of  elasticity  over  one-half  of  the  square  of 
the  span-depth  ratio  (Fig.  4). 


(1/2  SPAN/DEPTH(‘ 


Fig.  4. — Linear  transformation  of  hyperbolic 
trend  (Fig.  3). 


Table  5. — The  Influence  of  Span-Depth  Ratio  on  Effective  Modulus  of  ELAsnar^- 

Specimen  No.  > 

1/10  1/10  1/20  1/20  1/40  1/40  1/60  1/60  Control  Control 

—  1  —2  —2  —3  —1  —2  —2  -3  1  2 


Span-depth 

ratio  Moduliu  of  elasticity  1,000  psi. 

26-1 .  1,545  1,790  2,090  1,990  2,330  2,210  2,260  2,280  1,440  1,620 

22-1 . . -  1,520  1,790  2,080  1,860  2,250  2,190  2,240  2,170  1,420  1,490 

18-1 . 1,420  1,720  1,920  1,750  2,100  2,150  2,140  2,100  1,400  1,480 

14-1 . 1,370  1,570  1,660  1,420  2,040  1,900  2,030  1,820  1,290  1,390 


•Siiecimens  are  identified  by  the  veneer  thickness  and  the  number  of  the  panel  from  which  they  were  taken. 
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For  each  specimen,  the  modulus  of  rigidity 
was  determined  from  the  intercept  and  the  pure 
modulus  of  elasticity  from  the  reciprocal  of  the 
slope.  The  modulus  of  elasticity  thus  deter¬ 
mined  should  be  that  approached  by  a  beam 
with  an  infinite  ratio  of  span  to  depth. 

In  order  to  confirm  the  asymptote  elasticity 
values  and  thereby  validate  the  method  of  mak¬ 
ing  adjustments  for  horizontal  shearing  influ¬ 
ences,  a  simple,  direct  method  of  determining  a 
pure  modulus  of  elasticity  in  bending  was  de¬ 
sired.  Horizontal  shearing  stresses  icsist  vertical- 
force  couples  which  result  from  the  changing 
magnitude  of  bending  moments  along  the  span. 
Shearing  stresses  are  nonexistent  between  the 
loads  of  a  beam  loaded  at  third  points,  since 
the  bending  moment  is  constant  in  this  portion 
of  the  span.  Consequently  the  deflection  be¬ 
tween  the  loads  results  from  deformation  in 
pure  bending.  By  the  principles  of  area- 
moments  (8),  the  difference  between  the  maxi¬ 
mum  deflection  and  that  under  either  load  may 

p/3 

be  determined.  The  equation,  a  = - ,  in 

^  36Ebd« 

which  a  is  the  difference  between  the  maximum 
deflection  and  the  deflection  under  either  load 
and  P  is  the  total  load,  is  a  simplified  expres¬ 
sion  derived  by  this  method.  Thus,  Young’s 
modulus  (E)  can  be  computed  after  the  ex¬ 
perimental  determination  of  a. 


Each  beam,  for  which  the  hyperbolic  rela¬ 
tionship  of  elasticity  and  span-depth  had  been 
determined,  was  loaded  at  third  points  within 
its  proportional  limit  three  times.  During  suc¬ 
cessive  loadings,  deflections  were  taken  to 
0.0001 -inch  accuracy  under  the  center  of  the 
beam  and  under  each  load.  The  difference  be¬ 
tween  deflection  of  mid-span  and  the  average  of 
the  deflections  at  the  load  points  was  used  as  a 
in  the  determination  of  Young’s  modulus, 
which  is  the  pure  modulus  of  elasticity  in  bend¬ 
ing  and  is  theoretically  comparable  to  the  .as¬ 
ymptote  of  the  previously  established  hyperbola. 

Table  6  shows  a  comparison  between  asymp¬ 
tote  values  and  modulus  of  elasticity  values  de¬ 
termined  from  third-point  loading.  Data  pre¬ 
sented  in  this  table  show  a  close  similarity  be¬ 
tween  elasticity  values  determined  from  direct 
and  theoretical  methods.  Discrepancies,  with 
the  exception  of  one  control  beam,  do  not  ex¬ 
ceed  three  percent  of  the  directly  determined 
values,  thus  establishing  the  validity  of  the  ap¬ 
plication  to  glued  wood  of  strain-energy  rela¬ 
tions  described  by  Timoshenko  (16). 

The  modulus  of  rigidity  values  determined 
from  the  intercepts  of  the  linearly  transformed 
hyperbolas  are  the  effective  moduli  of  the  vari¬ 
ous  composite  cross  sections  tested.  Complex 
differences  resulting  from  adhesive  concentra¬ 
tion,  lathe  checks,  etc,  undoubtedly  exist  be- 


Table  6. — A  Comparison  of  Elastic-Property  Values  Determined 
BY  Direct  and  Indirect  'Methods 


Modulus  of 

Modulus  of 

Discrepancy 

Modulus  of 

elasticity  from 

elasticity  from 

based  on  E  from 

rigidity 

from 

asymptote  of 

third- point 

third-point 

Specimen 

hyperbola 

loading 

loading 

intercept 

psi. 

1,000  psi. 

1,000  psi. 

percent 

1/10-1.... _  _ 

.  1,640 

1,685 

-1-2.7 

43,000 

1/10-2. . - . 

.  1,910 

1,900 

—  .5 

.58,000 

Ave. . . -  - 

.  1,775 

1,790 

+  .84 

50,500 

1/20-2 . . . 

. - .  2,260 

2,210 

—2.3 

25,000 

1/20-8 . . 

-  . - . .  2,300 

2,270 

—1.3 

.50,000 

Ave _  - 

. - . .  2,280 

2,240 

—1.8 

37,.5(M) 

1/40-1 _ 

. . .  2, .500 

2,540 

(  1.6 

60,000 

1/40-2 . 

. - . .  2,310 

2,. 370 

f2.5 

94,<MN) 

Ave. _ _ _ 

. . .  2,405 

2,455 

1-2.2 

77,000 

— 

— 

— 

-  . 

1/60-2 . . . 

.  2,390 

2,320 

-3.0 

80,950 

1/60-3 . 

. .  2,460 

2,470 

-f  .45 

.50,000 

Ave . 

. -V. .  2,425 

2,395 

—1.25 

65,476 

Control  1 . 

.  1,490 

1,570 

+  5.1 

75,000 

Control  2 . 

.  1,560 

1,600 

+3.1 

100,000 

Ave . . 

.  1,520 

1,585 

+  4.1 

85,000 
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tween  different  planes  paralleling  the  loaded 
face.  The  variability  of  modulus  of  rigidity 
values  shown  in  Table  6  is  therefore  not 
unreasonable. 

A  statistical  analysis  of  variance  shows  no 
significant  differences  between  modulus  of  rigid¬ 
ity  values  for  laminates  of  different  veneer 
thickness.  This  indicates  that  the  most  accurate 
expression  of  elasticity  in  shear  for  any  veneer 
thickness  is  the  mean  of  all  values  obtained, 
which  proved  to  be  57,620  psi.  An  average 
modulus  of  85,000  psi.  was  determined  for  the 
solid  wood  controls.  Tests  at  the  Forest  Prod¬ 
ucts  Laboratory  ( 5)  indicated  no  correlation  be¬ 
tween  modulus  of  rigidity  and  specific  gravity, 
and  provided  an  average  value  of  97,000  psi. 
for  solid  yellow-poplar  wood  in  the  longitudinal- 
tangential  plane  at  a  moisture  content  of  ap¬ 
proximately  11  percent. 

By  using  the  average  effective  modulus  of 
rigidity  in  the  Equation  13,  the  pure  Young’s 
modulus  for  each  veneer  thickness  class  can  be 
computed  from  data  presented  in  Table  1.  The 
effective  elasticity  values  to  be  anticipated  at 
any  span-depth  ratio  can  then  be  determined. 
The  effect  of  span-depth  ratio  on  Young’s  mod¬ 
ulus  in  bending  is  graphically  illustrated  in 
Fig.  5. 


l/6()-inch  veneer  laminates. 

The  data  obtained  from  beam  tests  indicate 
a  definite  correlation  between  the  thickness  of 
veneer  laminae  and  Young’s  modulus.  Within 
the  limits  of  this  study,  a  hyperbola  accurately 
expresses  Young’s  modulus  as  a  function  of  the 
number  of  uniformly  spaced  glue  lines  per  inch 
of  panel  depth.  The  elasticity  attained  with  in¬ 


finitely  thin  laminations  is  approached  as  an 
asymptote.  This  relationship  is  represented  by 
a  graph  established  by  the  method  of  least 
squares  (Fig.  6)’  from  which  the  pure  Young’s 


NUMBER  OF  UNIFORMLY  SPACED  GLUE  L*«S  PER  INCH  CF  THCKNESS 


Fig.  6. — Relationship  of  Young's  modulus  to  the 
number  of  uniformly  spaced  glue  lines  per  inch  of 
laminate  thickness. 

moduli  in  bending  can  be  determined  for  lami¬ 
nates  of  any  desired  veneer  thickness  below  the 
maximum  thickness  studied.  This  value,  in  turn, 
can  be  used  to  predict  the  elasticity  or  deflec¬ 
tion  of  a  simple  beam  with  any  desired  span- 
depth  ratio. 

Although  the  information  obtained  by  this 
investigation  applies  specifically  only  to  mate¬ 
rial  similar  to  that  tested,  the  fundamental  prin¬ 
ciples  evolved  undoubtedly  influence  the  prop¬ 
erties  of  all  veneer-resin  systems.  Similar  or 
greater  influences  of  the  adhesive  may  be  ex¬ 
pected  in  the  case  of  plywood.  Further,  hori¬ 
zontal  shearing  deformations  are  more  impor¬ 
tant  in  plywood  beams  because  of  the  low  mod¬ 
ulus  of  rigidity  in  the  radial-tangential  plane. 
Additional  research  utilizing  principles  and 
techniques  established  by  this  investigation 
should  lead  to  information  requisite  to  more 
refined  design  methods. 

Summary 

An  investigation  was  undertaken  to  deter¬ 
mine  fundamental  differences  in  strength  prop¬ 
erties  between  veneer  laminates  and  solid  wood. 
The  study  was  limited  to  strength  properties  of 
yellow-poplar  veneer  laminates  bonded  with  a 
phenol-resorcinol-formaldehyde  adhesive.  Lami¬ 
nates  composed  of  1/20-,  1/40-,  I /60-  and 
1/80-inch  laminae  were  compared. 
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A  decrease  in  the  thickness  of  laminae  re¬ 
sulted  in  an  increase  in  compression  and  conse¬ 
quent  increase  in  the  specific  gravity  of  the 
assembled  veneer. 

Tensile  strength  of  1/40-  and  l/60-in. 
veneer  laminates  was  improved  1^.6  and  26.2 
percent  respectively  over  that  of  1/ 10-in.  Spe¬ 
cific  gravity  influences  can  account  for  but  one- 
half  of  this  increase.  The  nature  of  the  failures 
of  1/40-  and  l/60-in.  veneer  laminates  indi¬ 
cates  a  closer  approximation  of  the  intrinsic 
fiber  strength. 

Modulus  of  elasticity  was  the  only  flexural 
strength  property  improved  by  lamination.  A 
hyperbolic  trend  of  increase  accompanied  a  de¬ 
crease  in  thickness  of  laminae.  Properties  and 
theory  indicate  that  a  laminate  of  thin  veneer 
is  a  material  of  composite  cross  section,  the 
modulus  of  elasticity  of  which  differs  in  com¬ 
pression  and  bending. 

Using  equations  established  from  the  theory 
of  strain-energy  in  bending.  Young’s  modulus 
was  found  to  be  a  hyperbolic  function  of  the 
square  of  one-half  the  ratio  of  span  to  depth. 
Moduli  of  rigidity  and  elasticity  were  theo¬ 
retically  determined. 

Young’s  modulus,  devoid  of  shearing  defor¬ 
mations,  was  directly  determined  from  the  dif¬ 
ference  in  deflections  at  mid-span  and  at  the 
[Toints  of  loading  in  a  third-point  loaded  beam. 
The  pure  modulus  of  elasticity  established  by 
this  direct  method  was  found  to  be  closely  com¬ 
parable  to  that  computed  from  the  hyperbolic 
trend  of  the  effective  modulus  of  elasticity 
values  at  various  span-depth  ratios. 

The  results  of  this  investigation  indicate  that, 
through  an  expansion  of  theories  and  techniques 
which  have  been  found  valid  in  this  study,  the 
effect  of  the  fundamental  glue-line  properties  on 
the  strength  of  veneer  laminates  can  be  clearly 
established  and  that  improvement  of  properties 
imparted  to  veneer  by  lamination  can  be  advan¬ 
tageously  considered  in  the  efficient  use  of 
veneer- resin  systems. 
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Discussion 

Mr.  R.  M.  Melrose  (F.  S.  Harmon  Mfg. 
Co.) :  Was  there  a  difference  in  trends  shown 
by  the  different  glues? 

Mr.  Preston:  Inasmuch  as  spreads  recom¬ 
mended  by  the  manufacturers  were  used  and 
were  not  comparable  in  all  cases,  all  adhesives 
cannot  be  directly  compared.  It  appears,  how¬ 
ever,  that  phenolic  and  resorcinol  resins  impart 
a  greater  improvement  in  properties  than  the 
urea  resin  used. 

Dr.  H.  D.  Erickson  (Assoc.  Prof,  of  Forest 
Products,  University  of  Washington) :  In  your 
studies  you  obtained  appreciable  penetration  of 
the  glue  into  the  veneer.  What  results  would 
you  expect  using  a  wood  which  was  not  pene¬ 
trated  by  the  glue  but  still  obtaining  some 
wood  compression? 

Mr.  Preston:  From  all  indications,  the  im¬ 
provement  in  properties  is  largely  associated 
with  the  extent  of  adhesive  penetration.  Inas¬ 
much  as  compression  increases  with  decrease  in 
veneer  thickness,  it  also  appears  to  accompany 
penetration.  Therefore,  I  should  expect  the 
properties  of  a  wood  which  resisted  penetration 
to  be  enhanced  to  a  lesser  extent. 


Air.  E.  J.  Reichtnan  (Simpson  Logging  Co.) : 
Your  quoted  value  for  strength  of  a  glue  line 
was  that  for  a  plastic  or  moulded  material,  was 
it  not? 

Air.  Preston:  Yes. 

Air.  Reichman:  Was  your  work  with  lami¬ 
nates  of  veneer  with  the  grain  parallel?  Have 
you  applied  your  method  of  determining 
modulus  of  elasticity  to  cross  banded  materials, 
or  laminates  of  different  material? 

Air.  Preston:  The  phase  of  the  work  covered 
by  this  paper  includes  only  the  properties  of 
laminated  wood  assembled  with  one  adhesive. 
Similar  tests  are  being  conducted  on  conven¬ 
tional  plywood  of  yellow  poplar  veneer.  The 
results  of  this  phase  have  not  as  yet  been  ana¬ 
lyzed.  When  the  work  is  complete,  I  would  be 
pleased  to  furnish  you  with  the  information 
that  is  gained. 

Air.  A.  C.  Horner  (Timber  Engineering 
Co.) :  What  method  is  used  in  determining  the 
modulus  of  elasticity  for  glue? 

Air.  Preston:  The  modulus  of  elasticity  of 
the  adhesive  was  assumed  to  be  similar  to  that 
of  a  cast,  cellulose-filled  phenolic  molding 
powder  and  published  data  were  accepted. 
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The  Place  of  Water-Repellent  Preservatives 
in  Forest  Products 

Gardner  G.  Garlick 

Director  of  Research,  Protection  Products  Manufacturing  Co.,  Kalamazoo,  Michigan 

Water-repellent  toxic  preservative  solutions  have  been  in  cotr.mercial  use  in  the  millwoik  industry  since 
about  1931,  and  by  19^  their  use  was  beginning  to  spread  rap'diy  through  the  millwoik  jobbers,  and  a  few 
of  the  stock  mills  were  using  this  type  of  treatment  in  a  limited  way.  In  1938  the  National  Door  Manufaaurers 
Association  (now  knosvn  as  the  National  Woodwork  Manufacturers  Association)  formed  an  advisory  on-.mittee 
that  set  up  standards  for  treating  solutions  used  in  treating  millwork.  This  committee  meets  each  year  at  the 
U.  S.  Forest  Products  Laboratory,  Madison,  Wisconsin.  Ihrough  their  ^idance  the  treatment  of  millwoik  has 
grown  to  a  point  where  most  millwoik  plants  consider  it  a  standard  practice  today. 


Introduction 

INCE  the  beginning  of  time,  wood  has 
been  one  of  the  leading  building  materials, 
but  like  all  things  it  has  its  shortcomings. 
It  will  decay  and  stain  if  the  moisture  content 
is  high  enough.  It  also  swells  when  it  gets  wet, 
and  shrinks  when  it  dries  out,  with  frequent 
warping  and  checking. 

A  w:ater-repellent  preservative  is  not  a  cure- 
all,  but  there  are  a  great  many  applications 
where  from  a  practical  standpoint  it  overcomes 
these  shortcomings  of  wood.  Back  in  1938  the 
National  Door  Manufacturers  Association  (now 
known  as  the  National  Woodwork  Manufac¬ 
turers  Association)  formed  what  is  known  as 
the  National  Woodwork  Manufacturers  Asso¬ 
ciation  Advisory  Committee.  It  is  made  up  of 
men  and  women  from  laboratories  throughout 
the  country  who  have  carried  on  research  in  the 
field  of  wood  preservation.  This  group  has  set 
up  standards  to  guide  and  protect  the  millwork 
industry.  During  World  War  No.  2  many 
branches  of  the  Government  made  use  of  the 
standards  set  up  by  this  group,  to  guide  them 
in  their  wood-treating  problems  where  a  water- 
repellent  preservative  was  needed. 

At  the  time  this  Advisory  Committee  was 
established,  a  few  of  the  stock  mills  and  a 
number  of  millwork  jobbers  were  treating  with 
a  water-repellent  preservative  in  a  limited  way, 
and  were  finding  in  actual  practice  that  the 
treatment  was  reducing  the  complaints  formerly 
received  when  their  stock  was  untreated. 

To  date  the  solutions  which  have  passed  the 
toxic  standard  set  up  by  this  Advisory  Com¬ 
mittee  contain  5  percent  by  weight  of  either 
pentachlorophenol,  tetrachlorophenol,  2-chlor- 


orthophenylphenol,  or  a  combination  of  these 
toxicants. 

The  chlorinated  phenols  themselves  do  not 
lend  any  water-repellency  to  the  treating  solu¬ 
tion,  so  that  it  is  necessary  to  add  other  mate¬ 
rials  in  order  to  get  a  water-repellent  effect 
Standard  test  methods  for  determining  water 
repellency  have  been  set  up  by  the  Advisory 
Committee  and  will  soon  be  published. 

Water-repellent  preservatives  have  petroleum 
spirits  as  their  carriers.  The  standard  dip  time 
for  millwork  is  three  minutes  at  room  tempera¬ 
ture.  In  ponderosa  pine  sapwood  this  gives  an 
average  penetration  of  from  1.5  to  three  inches 
up  the  end  grain,  and  ^  to  inch  side  grain. 

The  eflFectiveness  of  water-repellent  preserva¬ 
tives  in  preventing  the  development  of  checks 
and  stain  in  test  samples  exposed  to  severe  lab¬ 
oratory  conditions,  consisting  of  cyclic  exposure 
to  wetting  and  drying,  is  shown  in  Fig.  1. 
The  marked  contrast  between  the  treated  and 
untreated  portions  of  these  test  samples,  even 
after  such  long  and  severe  exposure,  demon¬ 
strates  not  only  the  effectiveness  of  the  treat¬ 
ment,  but  illustrates  a  testing  technique  that 
can  be  used  by  interested  individuals  or  labora¬ 
tories. 

In  the  beginning,  treatment  was  confined 
largely  to  windows  and  frame.  The  toxic  con¬ 
tent  protected  these  items  against  decay,  stain, 
and  insects  which  attack  wood,  while  the  water- 
repellent  phase  helped  to  keep  the  joints  tight 
and  reduce  the  swelling  and  shrinking  to  a 
point  where  the  windows  would  work  freely, 
even  in  wet  weather.  This  dimensional  control, 
of  course,  reduced  checking  and  warping. 
Many  of  the  early  tests  carried  out  on  windows 
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in  Fig.  2.  This  illustrates  how  a  three-minute 
dip  in  a  good  water-repellent  preservative  can 
protect  sash. 

The  condition  of  treated  sash  as  compared 
to  untreated  sash  was  striking  at  the  end  of 
8.5  years  of  testing.  Fig.  3  shows  this  com¬ 
parison. 


Fig.  1. — The  left  half  of  each  of  these  sections  of 
southern  pine  (above)  and  ponderosa  pine  (below) 
blocks  were  treated  with  a  water-repellent  preserva¬ 
tive  solution.  The  right  portions  were  left  untreated. 
Exposure  was  made  by  placing  in  a  rain  machine  for 
eight  hours,  drying,  and  repeated  exposure  to  the 
same  cycle  until  100  hours  of  exposure  in  the  rain 
machine  had  been  completed.  Note  the  severe  end 
checking  in  the  untreated  portion  of  the  upper  board, 
and  heavy  blue  stain  in  the  untreated  portion  of  the 
lower  board. 


were  conducted  by  placing  window  units  out  in 
the  weather,  having  some  of  the  windows  prop¬ 
erly  treated  and  the  rest  untreated.  After  the 
treatment  was  dry,  the  windows  would  be  given 
three  coats  of  paint  on  the  outside,  and  two 
coats  of  varnish  on  the  inside.  A  comparison 
of  sash  joints  at  the  end  of  8.5  years  is  shown 


Experience  soon  made  it  evident  that  treat¬ 
ing  just  the  sash  was  only  half  doing  the  job, 
and  the  treating  of  frames  rapidly  increased, 
and  decay,  such  as  shown  in  Fig.  4,  could  be 
definitely  controlled  with  the  standard  three- 
minute  dip. 


Fig.  2. — The  joints  of  two  sash  that  Were  mounted 
in  their  frames  and  exposed  out  in  the  weather  for 
8I/2  years,  with  two  coats  of  varnish  on  what  would 
be  the  inside  of  the  sash,  and  three  coats  of  lead-in¬ 
oil  on  what  would  be  the  outside  of  the  sash.  The 
joint  shown  at  left  was  given  a  3-minute  dip  in  a 
water-repellent  toxic  before  exposure;  while  that  at 
right  was  not  treated  before  finishing.  Note  how  the 
treatment  controlled  the  swelling  and  shrinking  of 
the  joint,  and  kept  it  tight  as  it  should  be. 


Fig.  4. — These  two  window  sills  have  been  ex¬ 
posed  81/2  years  out  in  the  weather.  The  sill  at  left 
was  given  a  3-minute  dip  in  a  water-repellent  pre¬ 
servative  at  the  time  it  was  manufactured;  the  sill  at 
right  was  not  treated.  Note  the  decay  that  has  taken 
place  where  the  sash  rests  on  the  sill. 


Fig.  3. — Bottom  rail  of  two  different  window  sash 
after  8V2  years  in  the  weather,  with  three  coats  of 
lead-in-oil  on  one  side,  and  two  coats  of  varnish  on 
the  other,  just  as  it  would  be  in  a  home.  Left,  the 
condition  of  the  sash  that  was  not  treated  before  f.n- 
ishing;  Right,  the  condition  of  the  sash  that  was  given 
a  3-minute  dip  in  a  water-repellent  preservative. 
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Another  important  reason  for  treating  frames 
was  to  reduce  swelling  and  shrinking  of  the 
joints,  because  constant  swelling  would  split 
the  dado  joint  and  cause  the  stock  to  warp  and 
nails  to  pull.  This  would  create  a  loose  win¬ 
dow,  which  would  rattle  in  dry  weather,  and 
allow  the  window  to  leak  air  and  water  badly. 
Fig.  5  shows  a  comparison  between  treated  and 
untreated  frames,  and  clearly  shows  the  need 
for  a  good  water-repellent  preservative. 

We  are  all  familiar  with  the  excellent  insula¬ 
tion  value  of  wood,  but  we  find  that  when 
wood  becomes  wet  it  loses  most  of  its  insula¬ 
tion  value,  because  water  is  an  excellent  con¬ 
ductor  of  heat  or  cold.  A  good  water-repellent 


Fig.  5. — Top,  condition  of  two  upper  frame  cor¬ 
ners,  the  one  on  the  left  being  an  untreated  frame, 
the  one  on  the  right  a  treated  frame.  Note  how  the 
treated  frame  is  tight  and  sound  at  the  joint,  while 
the  untreated  frame  has  come  apart,  due  to  swelling 
and  shrinking,  and  the  dado  joint  is  split  open,  de¬ 
stroying  the  strength  of  the  joint.  Bottom  shows  the 
lower  corners  of  an  untreated  and  treated  frame  after 
8V2  years  in  the  weather,  and  here  we  see  the  same 
condition  as  above. 

preservative  can  help  wood  retain  its  natural 
insulation  qualities,  and  a  splendid  example  of 
this  is  shown  in  Fig.  6,  where  treated  windows 
under  high  humidity  conditions  retained  their 
insulation  value,  while  the  joints  of  untreated 
windows,  even  though  painted  and  varnished, 
lost  their  insulation  value  to  such  an  extent  that 
the  wood  itself  became  frosty  on  the  inside  just 
as  did  the  glass. 

This  wet  condition  m  the  untreated  sash 
caused  the  growth  of  blue-stain  so  that  the  un¬ 
treated  windows  during  the  summer  in  this 
humidity  room  turned  black  at  the  joints  with 


Fig.  6. — Two  sash  which  were  mounted  in  the 
south  wall  of  a  room  that  was  maintained  at  60  per¬ 
cent  relative  humidity,  and  70°  to  80°  F.,  of  heat  the 
year  around.  Top,  condition  of  sash  during  zero 
weather.  The  sash  on  the  left  was  given  a  3-minute 
dip  in  a  water-repellent  preservative  before  installa¬ 
tion;  the  sash  on  the  right  was  left  untreated.  Then 
these  windows  were  given  three  coats  of  lead-in-oil 
on  the  outside  and  two  coats  of  varnish  on  the  inside. 
Note  that  the  untreated  sash  absorbed  so  much  mois¬ 
ture  at  the  joint  that  it  lost  its  insulation  value  and 
frosted  just  like  the  glass,  while  the  treated  sash  re¬ 
mained  warm  and  dry.  Bottom  shows  these  two  sash 
the  following  summer.  Note  that  blue  stain  has  de¬ 
veloped,  where  we  saw  frost  on  the  sash,  while  the 
treated  sash  remains  free  of  any  sign  of  stain  or 
decay.  The  dots  on  the  sash  are  copper  nails  driven 
into  the  center  of  the  sash  so  as  to  take  frequent 
moisture  content  readings. 

stain,  (see  Fig.  6)  while  the  treated  sash  re¬ 
mained  free  of  staining  organisms. 

Doors  too,  need  a  water-repellent  preserva¬ 
tive,  because  they  tend  to  swell  during  wet 
weather  and  stick,  and  in  the  average  home 
during  the  winter  the  inside  of  the  house  is 
much  drier  than  the  outside,  and  this  condition 
many  times  causes  doors  to  warp.  In  homes  that 
are  humidified  the  conditions  sometimes  re¬ 
verse  themselves,  so  that  the  inside  of  the  door 
is  exposed  to  a  higher  humidity  than  the  out¬ 
side,  and  again  may  create  a  warped  condition. 
Then  too,  the  swelling  and  shrinking  of  the 
door  oftentimes  causes  checking  at  the  bottom 
and  top  of  the  door.  If  the  door  is  a  panel  type, 
the  swelling  and  shrinking  may  cause  the  pan¬ 
els  to  pull  away  from  the  stiles  and  rails  and 
leave  an  unpainted  line  or  unvarnished  line  all 
around  the  panel.  This  is  always  unsightly. 

Because  of  these  conditions,  outside  doors 
are  being  treated  today  by  many  manufacturers. 
Inside  doors,  cabinet  doors,  trim,  and  many  other 
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such  items  are  also  being  treated.  Many  homes 
today  have  practically  all  wood  in  them  treated 
with  a  water-repellent  preservative.  The  pur¬ 
pose  is  two-fold.  First,  it  protects  the  wood  in 
•the  building  while  it  is  being  erected.  Few 
houses  are  ever  completed  before  one  or  two 
rainstorms  appear,  causing  the  framing  or  pos¬ 
sibly  sheathing,  sub-floors,  joists,  and  rafters  to 
become  wet  and  swell  and  shrink.  When  this 
type  of  lumber  is  treated  this  action  is  reduced 
to  a  point  where  rain  does  practically  no  harm, 
and  the  building  process  can  go  on  soon  after 
the  storm  is  over.  This  protection  during  the 
building  process  is  especially  beneficial  to  wood 
siding,  as  it  protects  it  against  rain  until  the 
paint  can  be  applied,  and  should  rain  corne 
before  it  is  painted,  it  is  just  a  matter  of  a  few 
hours  after  the  storm  and  the  painters  can  go 
right  ahead  with  the  job. 

Second,  a  water-repellent  preservative  gives 
the  house  protection  after  it  is  erected,  because 
it  protects  the  wood  against  excessive  swelling 
and  shrinking,  as  well  as  decay,  stain,  and  in¬ 
sects  which  attack  wood.  We  all  know  that 
wood  when  it  reaches  its  fiber-saturation  point 
(which  is  around  24  percent  moisture  content) 
can  decay  if  fungi  are  present,  and  when  it  gets 
below  the  fiber-saturation  point  the  fungi  lie 
dormant.  Most  types  of  fungi  can  stay  in  this 
dormant  stage  at  least  six  months  and  continue 
to  grow  again  as  soon  as  the  lumber  reaches  the 
fiber-saturation  point.  There  are  some  types  of 
fungi  that  can  live  as  long  as  three  years  in  dry 
wood  and  continue  to  grow  again  when  a  mois¬ 
ture  content  of  24  to  30  percent  or  above  is 
reached.  Lumber  properly  treated  seldom  gets 
near  the  fiber-saturation  point,  and  if  it  does, 
the  toxic  content  of  the  treatment  protects  the 
wood  against  fungus  growth. 

The  part  of  a  house  that  is  most  apt  to  show 
decay  first  is  the  wooden  porch  and  steps,  as 
well  as  the  railing  and  porch  posts.  It  has  been 
found  that  a  water-repellent  preservative  can 
greatly  reduce  the  swelling  and  shrinking  of 
wood  in  this  use,  and  guard  against  the  buck¬ 
ling,  twisting,  and  checking  that  occur  with  the 
swelling  and  shrinking  of  the  wood,  as  well  as 
to  protect  it  against  decay  and  insect  attack  (see 
Fig.  7).  Small  test  porches  which  have  been 
left  out  in  the  weather  for  as  long  as  12  years, 
with  only  a  3-minute  dip,  are  still  in  good 
sound  condition,  whereas  untreated  porches 


right  beside  them  have  decayed  and  gone  to 
pieces  in  four  or  five  years.  This  does  not  mean 
that  a  3-minute  dip  is  all  that  is  necessary  for 
this  type  of  exposure,  but  it  does  show  what 
even  a  light  treatment  can  do  to  protect  wood. 
This  same  type  of  protection,  of  course,  is 
gained  on  the  other  wood  parts  of  a  home 
when  they  are  properly  treated. 


Fig.  7. — Top  shows  ends  of  two  gum  flooring  test 
panels  that  have  been  exposed  out  in  the  weather  one 
year.  The  floor  on  the  left  was  given  a  three-minute 
dip  in  a  water-repellent  preservative,  while  the  one  on 
the  right  was  left  untreated,  and  both  floors  were 
given  two  coats  of  floor  varnish.  Note  how  the  un¬ 
treated  floor  has  buckled  and  checked,  and  distorted 
the  frame,  while  the  treated  floor  shows  little  signs  of 
having  been  exposed  for  a  full  year  in  the  weather. 
Middle  shows  two  small  porches  exposed  out  in  the 
weather  for  7Vi  years.  The  porch  on  the  left  was 
given  a  3-minute  dip  in  a  water-repellent  preservative 
before  exposure;  the  one  on  the  right  was  left  un¬ 
treated.  Note  that  the  untreated  test  porch  has  been 
practically  destroyed,  due  to  decay,  while  the  treated 
porch  is  in  sound  condition.  This  treated  porch  is  now 
over  12  years  old,  and  still  sound.  Bottom  shows  two 
oak  floors  that  were  fitted  tightly  together  at  the  time 
they  were  made  tip.  The  one  on  the  left  was  given  a 
3-minute  dip  in  a  water-repellent  preservative,  while 
the  one  on  the  right  was  left  untreated,  and  then  each 
day  for  two  months  eight  ounces  of  water  was  misted 
over  the  top  of  the  varnish.  Note  how  the  untreated 
floor  has  opened  up,  due  to  swelling  and  shrinking, 
while  the  treated  floor  shows  no  effect  from  this 
repeated  wetting. 

The  treating  of  the  flooring  for  the  interior 
of  a  home  is  growing  rapidly,  and  many  homes 
today  are  enjoying  the  protection  this  type  of 
treatment  affords.  Not  only  is  the  flooring  pro¬ 
tected  against  the  possibility  of  decay  or  ter¬ 
mite  attack,  but  it  adds  a  protection  against 
water  that  cannot  be  gained  in  any  other  way, 
because  we  are  all  familiar  with  the  fact  that 
finishing  the  floor  cannot  seal  up  the  cracks 
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between  the  floorboards,  and  when  water  is 
tracked  in  or  enters  in  the  form  of  rain  or  snow 
through  a  window  left  open,  it  oftentimes  causes 
the  floor  to  swell  and  then  later  to  shrink  ex¬ 
cessively,  so  as  to  leave  wide,  unsightly  cracks 
in  the  floor  (see  Fig.  7). 

Water-repellent  preservative  treatments  can 
be  very  helpful  in  protecting  paint  finishes,  and 
especially  is  this  true  on  siding,  trim,  and  other 
items  of  this  type. 


Fig.  8. — ^Top  view,  corners  of  two  birch  truck  body 
panels  after  18  months  in  the  weather.  The  panel 
above  was  untreated  and  then  given  two  coats  of 
O.D.  lusterless  enamel  as  used  by  our  armed  forces, 
and  the  lower  panel  was  given  a  3-minute  dip  in  a 
water-repellent  preservative  before  finishing.  Note 
how  the  enamel  split  and  peeled  off  of  the  untreated 
panel,  due  to  water  getting  in  the  wood  and  causing 
it  to  swell  and  shrink,  while  the  preservative  pro¬ 
tected  the  treated  panel  from  excessive  swelling  and 
shrinking.  Middle  view,  two  blocks  of  pine  trim  stock 
that  were  exposed  all  winter  out  in  the  weather.  The 
panel  on  the  right  was  given  a  3-minute  dip  in  a 
water-repellent  preservative,  while  the  one  on  the  left 
was  left  untreated,  and  then  both  panels  were  given 
two  coats  of  finish.  Note  how  the  paint  has  blistered 
on  the  untreated  panel,  due  to  excessive  moisture  in 
the  wood,  while  the  treated  panel  was  protected 
against  this  condition.  Bottom  view,  the  same  two 
panels  as  shown  in  middle,  but  the  photograph  was 
taken  the  following  August  after  a  long  dry  spell; 
the  untreated  panel  has  dried  down,  the  blisters  have 
become  wrinkles,  and  the  paint  is  peeling  off,  while 
the  treated  panel  is  still  in  excellent  condition. 


Fig.  9. — Top  view,  four  field  boxes  used  by  the  can¬ 
ning  companies  to  pick  citrus  fruit.  Boxes  Nos.  1  and  3 
were  given  a  half-minute  dip  in  a  water-repellent  pre¬ 
servative,  while  boxes  Nos.  2  and  4  were  leh  un¬ 
treated.  Note  how  the  untreated  boxes  have  absorbed 
water  from  the  wet  platform,  while  the  treated  boxes 
show  no  sign  of  moisture  absorption.  Middle  view, 
two  test  shipping  cases,  the  one  on  the  left  being  given 
a  3-minute  dip  in  a  water-repellent  preservative,  while 
the  one  on  the  right  was  left  untreated.  Then  each 
box  had  a  bright  tin  can  placed  in  the  center  of  it, 
and  packed  with  common  newspaper.  These  boxes 
were  exposed  outside  in  the  weather,  and  this  picture 
was  taken  five  months  after  exposure.  Note  the  stain 
and  moisture  in  the  packing  paper  in  the  untreated 
box,  and  also  the  rusting  of  the  tin  can,  while  the 
paper  in  the  treated  box  is  dry  and  shows  no  sign  of 
moisture  or  water,  and  the  can  is  bright  and  shiny. 
Bottom  view,  two  bottle  cases  after  several  months  of 
expos>ire.  Tbe  top  box  was  given  a  half-minute  dip  in 
a  water-repellent  preservative,  while  the  bottom  box 
was  left  untreated.  Note  how  the  paint  has  failed  on 
the  untreated  box,  due  to  moisture  working  into  the 
wood,  causing  swelling  and  shrinking.  This  wet  con¬ 
dition  also  causes  the  nails  to  rust  and  the  joints  of 
the  box  to  loosen  and  become  wobbly.  This  condition 
also  invites  decay. 

We  all  know  that  many  homes  today  have 
humidifiers,  so  that  there  is  a  greater  tendency 
for  moisture  to  work  through  the  walls  in  the 
winter.  There  is  also  always  the  possibility  of  a 
leak  somewhere  allowing  water  and  excessive 
moisture  to  get  behind  siding  and  trim.  When 
this  happens,  it  may  cause  paint  blistering  and 
early  paint  failure  (see  Fig.  8). 
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The  idea  of  back  priming  on  homes  has  been 
in  use  for  many  years,  and  the  main  reason,  of 
course,  was  to  protect  the  back  side  of  the 
wood  against  absorbing  excessive  moisture,  but 
the  use  of  a  water-repellent  preservative  does  a 
far  more  effective  job,  because  it  not  only  re¬ 
sists  the  absorption  of  water  but  protects  it 
against  decay,  stain,  and  insects  as  well. 

This  same  degree  of  protection  is  imparted 
to  many  other  items  made  of  wood,  such  as 
truck  bodies,  box  cars,  roller-coasters  in  amuse¬ 
ment  parks,  wood  fencing,  boats,  farm  build¬ 
ings,  outdoor  furniture,  and  numerous  other 
items  made  of  wood  that  are  exposed  to  the 
weather  or  excessive  moisture  and  water. 

The  use  of  a  water-repellent  preservative  in 
the  wood  box  field  has  grown  rapidly,  and  here 
it  has  many  applications.  It  is  being  widely  used 
today  to  treat  field  boxes  that  are  used  by  can¬ 
neries  and  distributed  to  the  farmer  to  use  in 
picking  fruits  and  vegetables.  These  boxes  set 
on  the  wet  ground  in  the  fields,  and  are  many 
times  caught  in  the  rain,  causing  them  to  swell 
and  shrink  excessively.  The  conditions  are  ideal 
for  fungus  growth  (see  Fig.  9).  Many  can¬ 
neries  buy  their  fruit  and  vegetables  by  the 
pound  and  if  the  boxes  are  soaked  with  water, 
they  buy  many  pounds  of  water  and  pay  the 
price  of  the  fruit  or  vegetable.  This  one  item 
alone  is  a  big  saving. 


Shipping  cases  containing  merchandise  that 
can  easily  be  damaged  by  water  are  treated  with 
a  water-repellent  preservative.  During  the  war 
many  cases  shipped  overseas  were  treated  to  pro¬ 
tect  their  contents  (see  Fig.  9). 

Many  bottlers  today  have  found  that  if  they 
treat  their  wood  cases,  they  will  last  a  great 
deal  longer  and  be  a  better  advertisement  for 
them,  in  that  the  painting  and  lettering  will 
stand  up  much  longer,  and  the  screws  and 
nails  used  in  holding  the  boxes  together  will 
not  rust  and  let  go  as  they  do  in  untreated  cases. 

While  no  commercially  practical  way  has 
been  found  to  render  wood  completely  water¬ 
proof,  the  practical  benefits  of  good  water- 
repellent  preservation  are  attracting  wide-spread 
attention  throughout  the  lumber  and  wood 
products  industries.  Some  species  which,  be¬ 
cause  of  their  characteristics,  have  been  limited 
in  their  uses,  are  serving  broader  markets  by 
such  preservation.  In  some  markets  where  the 
competition  of  wood  and  other  materials  is  very 
keen,  the  position  of  wood  is  being  strength¬ 
ened  by  this  type  of  protection.  Being  rela¬ 
tively  economical,  both  in  material  cost  and 
application,  it  does  not  "price”  wood  out  of  its 
natural  markets.  I  am  sure  that  as  the  knowl¬ 
edge  of  the  effectiveness  of  good  water-repellent 
preservatives  becomes  more  generally  known, 
the  use  of  this  type  of  treatment  will  continue 
to  grow  rapidly. 


Discussion 

Mr.  E.  IT^.  Wellwood  (Canadian  Forest 
Products) :  When  siding  is  dipped  in  a  water- 
repellent,  how  does  this  affect  the  blistering  of 
paint  on  the  exterior  or  homes  when  a  moisture 
barrier  is  not  used  on  the  warm  side  of  the 
wall? 

Mr.  Garlick:  It  has  proved  very  effective  in 
guarding  against  blistering  even  though  a  mois¬ 
ture  barrier  is  not  used  on  the  warm  side  of  the 
wall  although  we  always  recommend  a  barrier 
on  the  warm  side.  We  feel  the  best  form  of 
construction  should  always  be  used. 

Mr.  A.  L.  Mottet  (Long-Bell  Lumber  Co.): 
Has  the  millwork  preservative  industry  devel¬ 
oped  any  long-term  service  records  on  the  value 
of  this  class  of  preservatives? 


Mr.  Garlick:  We  know  of  no  complete  rec¬ 
ords  from  the  mills,  but  many  who  have  been 
treating  for  years  tell  us  they  have  greatly  re¬ 
duced  their  complaints. 

Mr.  W.  B.  McSorley,  fr.  (Columbia  Door 
Co.):  I  have  produced  treated  millwork  for 
years  and  have  found  that  complaints  have  been 
practically  eliminated. 

Dr.  F.  H.  Kaufert  (University  of  Minne¬ 
sota)  :  What  is  the  effect  of  treatment  with 
water-repellent  preservatives  on  adhesion  of 
putty  in  case  of  window  sash  ? 

Mr.  Garlick:  Service  records  indicate  that 
treatment  with  water-repellent  preservatives  im¬ 
proves  putty  adhesion  and  reduces  putty  failure 
possibly  because  treatment  prevents  penetration 
of  water  and  breaking  of  bond  between  wood 
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and  putty.  Water-repellent  treatment  also  re¬ 
duces  penetration  of  oils  from  putty  into  wood 
— such  oil  penetration  into  untreated  wood 
seems  to  result  in  putty  failure,  as  it  leaves  the 
putty  too  dry. 

Afr.  R.  E.  Eby  (West  Coast  Lumbermen’s 
Assoc.):  Is  a  three-minute  dip  considered  only 
a  temporary  treatment? 

Mr.  Garlick:  No,  three  minutes  is  standard 
throughout  the  millwork  industry  and  siding, 
flooring  and  many  other  such  items  are  given 
this  length  of  dip;  but  items  in  contact  with 
the  ground  or  water  should  be  given  much 
heavier  treatment. 

Dr.  H.  D..  Erickson  (University  of  Wash¬ 
ington)  :  Does  the  moisture  content  of  exposed 
blocks  correlate  with  the  moisture  content  of 
windows? 

Mr.  Garlick:  Yes,  they  check  quite  closely. 

Mr.  N.  S.  Perkins  (Douglas  Fir  Plywood 
Assn.) :  Have  you  had  any  complaints  on  end 
products  with  such  toxic  treatments? 

Mr.  Garlick:  No,  except  where  the  stock  is 
not  dry  when  used,  there  might  be  a  complaint 
of  odor  but  it  would  be  mainly  the  spirits  car¬ 
rier,  which  soon  leaves  when  stock  is  arranged 
so  it  can  dry. 

Mr.  David  Countryman  (Douglas  Fir  Ply¬ 
wood  Assn.) :  What  is  the  experience  with  re¬ 
lation  to  dermatitis  or  other  personal  hazards 
involved  in  the  use  of  toxic  water-repellents? 


What  percent  of  people  are  subject  to  com¬ 
plaints  from  this  source? 

Mr.  Garlick:  If  reasonable  care  is  taken  and 
proper  gloves  and  aprons  are  used,  there  should 
be  no  trouble  except  those  people  who  are 
allergic  to  petroleum  spirits  or  phenols.  Blonds 
are  more  apt  to  be  bothered  than  brunettes  or 
colored  people. 

Mr.  E.  D.  Marshall  (Texas  Forest  Service, 
A  &  M  College) :  In  the  standard  three-minute 
dip,  is  there  any  specification  with  respect  to 
temperature  of  the  preservative  and  tempera¬ 
ture  of  the  wood? 

Mr.  Garlick:  No.  If  both  are  40  degrees  F. 
or  above,  the  results  are  satisfactory. 

Mr.  Marshall:  It  is  my  understanding  that 
your  product  contains  3  percent  resin  content 
for  water-repellency.  Is  this  correct? 

Mr.  Garlick:  No,  it  isn’t,  and  resin  content 
alone  would  not  mean  much  as  it  takes  a  com¬ 
bination  of  several  materials  to  make  a  good 
product. 

Dr.  Kaufert:  What  was  the  new  oil-soluble 
preservative  you  mentioned?  Was  it  copper 
3-phenylsalicylate?  Who  makes  it  and  who  is 
working  on  it? 

Mr.  Garlick:  Yes,  it  was  copper  3-phenyl¬ 
salicylate.  It  is  made  by  The  Dow  Chemical 
Company,  Midland,  Michigan.  Dow  and  our 
laboratory  have  been  carrying  out  both  labora¬ 
tory  and  field  tests.  Results  have  been  good  to 
date. 
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Decay  Resistance  of  Plywood  Bonded  with 
Various  Glues 

George  H.  Englerth 

Pathologist,  Division  of  Forest  Pathology^  Bureau  of  Plant  Industry,  Soils,  and  Agricultural  Engineering, 
Agricultural  Research  Administration,  United  States  Department  of  Agriculture 

The  deray  resistance  of  sweetftum  and  yellow  birch  plywood  bonded  with  various  glues  is  evaluated  by 
the  time  it  took  wood-destroving  fungi  to  {^etrate  the  plywood,  and  by  the  loss  in  weight  of  the  plywood 
when  exposed  to  fungi  in  soil-burial  tests.  Several  cold-  and  hot-pressed  resin  adhesives,  as  well  as  casein  glue, 
with  and  without  preservatives,  were  tested.  None  gave  complete  protection  to  the  plywood. 


Introduction 

ESTS  on  the  durability  of  plywood  bonded 
with  various  glues  under  different  condi¬ 
tions  of  exposure  usually  emphasize  the 
effects  of  exposures  and  aging  on  the  joint 
strength  of  the  plywood,  with  only  incidental 
consideration  of  the  decay  resistance  of  the 
wood  or  of  the  deterioration  of  the  glue  lines 
caused  by  micro-organisms.  This  is  especially 
true  in  regard  to  the  synthetic  resin  glues. 

It  is  sometimes  claimed  that  the  synthetic 
resin  glue  imparts  resistance  to  the  plywood 
against  fungus  attack.  While  these  claims  indi¬ 
cate  that  some  synthetic  resin  glues  may  be  re¬ 
sistant  to  fungus  deterioration,  no  actual  data 
are  available  as  to  their  effectiveness  in  protect¬ 
ing  the  surrounding  wood. 

This  report  gives  the  results  of  tests  on  three- 
ply,  3/32-inch  plywood  bonded  with  glues  of 
various  types.  The  decay  resistance  of  the  ply¬ 
wood  was  evaluated  by  the  length  of  time  it 
took  the  fungi  to  penetrate  the  plywood  and  by 
the  loss  in  weight  of  the  plywood  specimens 
when  buried  in  soil. 

Penetration  Tests 
Test  Materials 

Since  yellow  birch  and  sweetgum  are  com¬ 
monly  used  in  the  manufacture  of  hardwood 
plywood,  these  two  woods  were  selected  for 
this  investigation.  All  material  of  both  species 
consisted  of  1 /32-inch  rotary  cut  sapwood 
veneer  that  was  straight-grained  and  free  of 

^In  cooperation  with  the  Forest  Products  Labora¬ 
tory,  maintained  by  the  Forest  Service,  United  States 
Department  of  Agriculture,  at  Madison,  Wis.,  in 
cooperation  with  the  Unviersity  of  Wisconsin. 


obvious  defects.  The  veneer  was  bonded  into 
three-ply  panels  with  the  following  adhesives: 

1.  Gisein 

2.  Casein  plus  5  percent  of  sodium  tetra- 
chlorophenate  by  weight 

3.  Casein  plus  5  percent  of  sodium  tri- 
chlorophenate  by  weight 

4.  Casein  plus  preservative  (Commercial 
Glue) 

5.  Hot-pressed  resorcinol  resin 

6.  Cold-pressed  resorcinol  resin 

7.  Cold-pressed  resorcinol  resin 

8.  Cold-pressed  urea-formaldehyde  resin 

9.  Cold-pressed  urea-formaldehyde  resin 

10.  Hot-pressed  phenolic- resin  film  glue; 
double  film  used 

11.  Hot-pressed  phenolic  resin 

12.  Hot-pressed  phenolic  resin — (low  pH) 

13.  Hot-pressed  melamine  resin 

All  of  the  resin  glues  were  from  different 
manufacturers. 

Control  specimens  were  made  with  film  glue 
that  had  a  hole  0.9  inch  in  diameter,  cut  from 
the  glue  films  before  assembling  and  pressing. 
Such  a  procedure  gave  a  three-ply  specimen 
similar  to  the  others,  but  with  the  elimination 
of  glue  lines  at  the  center  of  the  specimen. 

Polyporus  versicolor,  a  white  rotter,  and  Len- 
zites  trabea,  a  brown  rotter,  were  the  fungi 
used  in  the  penetration  study.  Both  of  these 
fungi  are  common  wood  destroyers  and  give 
good  decay  results  in  tests. 

Methods  of  Test 

The  plywood,  after  being  conditioned  for 
about  2  weeks  at  65  percent  relative  humidity 
and  80®  F.,  was  cut  into  disks  about  3  inches 
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in  diameter.  This  size  of  specimen  fitted  nicely 
in  the  90-millimeter  Petri  dishes  used  for  the 
tests.  The  plywood  disks  were  treated  by  four 
different  methods  designed  in  part  to  indicate 
the  nature  of  any  resistance  to  penetration  of¬ 
fered  by  the  glues.  In  one  experiment  the 
samples  were  tested  with  no  prior  treatment 
other  than  the  preliminary  conditioning.  In  a 
second  experiment  the  specimens  were  flexed 
severely  five  times  with  and  five  times  across 
the  grain  in  an  attempt  to  set  up  stresses  that 
might  produce  checks  in  the  glue  lines.  The 
specimens  had  a  moisture  content  of  about  10 
to  12  percent,  which  made  it  possible  to  flex 
them  to  a  radius  of  about  1.75  inches  across 
the  grain  and  of  about  3.5  inches  with  the 
grain  of  the  face  plies.  A  third  set  of  samples 
was  soaked  24  hours  in  distilled  water,  dried 
6  days  at  30  percent  relative  humidity  and 
80°  F.,  and  again  soaked  and  dried  under  the 
same  conditions.  After  soaking,  the  moisture 
content  of  the  specimens  bonded  with  resin 
and  casein  adhesives  was  about  66  and  80  per¬ 


cent  respectively.  All  had  a  moisture  content 
of  about  7  percent  after  drying. 

In  a  fourth  experiment  a  small  hole  about 
1/32  inch  in  diameter  was  punched  through 
the  two  glue  lines  and  through  the  two  upper 
plies  of  veneer  so  as  to  eliminate  any  mechan¬ 
ical  barrier  that  the  glue  lines  might  have  to 
fungus  penetration.  This  hole  was  located  at 
the  center  of  the  specimen  where  penetration 
would  occur.  Thus,  any  retardation  of  fungus 
penetration  through  such  samples  would  be  the 
result  of  the  toxic  properties  of  the  adhesive, 
rather  than  that  of  a  possible  mechanical  bar¬ 
rier  of  the  glue  lines. 

Two  specimens  of  each  type  of  plywood  and 
test  group  were  tested  against  each  of  the  two 
fungi. 

In  order  to  prevent  the  fungi  from  growing 
around  and  over  the  edges  of  the  specimens, 
the  edges  were  treated  with  a  5  percent  solu¬ 
tion  of  sodium  pentachlorophenate.  Prelimi¬ 
nary  tests  showed  that  such  edge  treatment  did 
not  inhibit  fungus  growth  or  penetration 


Table  1. — Growth  of  Lenzites  Trabea  and  Polyporus  Versicolor  on  Plywood  Specimens 

After  2,  4,  and  7  Weeks 

Growth' 


2  weeks  4  weeks  7  weeks 


Lenzites 

Polyporus 

Lenzites 

Polyporus 

Lenzites 

Polyporus 

Number  and  type  of  glue 

trabea 

versicolor 

trabea 

versicolor 

trabea 

versicolor 

1.  Casein _ _ _ 

Yellow  Birch  Sapwood 
+  2  + 

+ 

-f 

+ 

M 

2.  Casein  plus  5  percent  sodium  tetrachloro- 
phenate _ 

V 

G 

V 

F 

V 

V 

3.  Casein  plus  5  percent  sodium  trichloro- 
phenate _ 

V 

G 

V 

G 

V 

G 

4.  Casein  plus  preservative  (commercial) _ 

V 

V 

4* 

O- 

-■I- 

5.  Hot-pressed  resorcinol  resin _ 

V 

V 

V 

V 

V 

V 

6.  Cold-pressed  resorcinol  resin _ 

V 

V 

-4- 

4-- 

4- 

7.  Cold-pressed  resorcinol  resin.  _ 

V 

V 

-1- 

-4- 

4- 

8.  Cold-pressed  urea-formaldehyde  resin _ 

G 

V 

V 

V 

4- 

4- 

9.  Cold-pressed  urea-formaldehyde  resin _ 

F 

P 

I>3 

VP" 

V 

VP 

10.  Hot-pressed  phenolic  resin  (film) _ 

V 

V 

V 

V 

4* 

4- 

11.  Hot-pressed  phenolic  resin _ 

V 

G 

G 

F 

V 

G 

12.  Hot-pressed  phenolic  resin  (low  pH). . 

F 

P 

P 

P 

p 

VP 

13.  Hot-pressed  melamine  resin _ 

V 

V 

V 

V 

V 

V 

1.  Casein . . . . . . . 

Sweetgum  Sapwood 

+  -f 

+ 

, 

2.  Casein  plus  5  percent  sodium  tetrachloro- 
phenate _  _ 

V 

V 

V 

V 

V 

V 

3.  Casein  plus  5  percent  sodium  trichloro- 
phenate _ 

V 

V 

V 

V 

V 

V 

4.  Casein  plus  preservative  (commercial) _ 

V 

V 

V 

V 

*  4" 

4" 

r>.  Hot-pressed  resorcinol  resin _ 

V 

G 

V 

V 

V 

V 

6.  Cold-pressed  resorcinol  resin _ _ 

V 

V 

+ 

+ 

+ 

7.  Cold-pressed  resorcinol  resin . . 

V 

V 

"t" 

4* 

+ 

+ 

8.  Cold-pressed  urea-formaldehyde  resin _ 

r 

V 

VP" 

V 

4- 

4* 

9.  Cold-pressed  urea-formaldehyde  resin _ 

F 

F 

P" 

VP" 

F 

G 

10.  Hot-pressed  phenolic  resin  (film) _ 

V 

V 

V 

V 

V 

V 

11.  Hot-pressed  phenolic  resin _ 

V 

G 

G 

G 

G 

V 

12.  Hot-pressed  phenolic  resin  (low  pH) . 

V 

P 

VP" 

F 

VP 

P 

13.  Hot-pressed  melamine  resin _ 

G 

G 

F 

G 

F 

G 

'V  =VigorU8  growth 
G  =»  Good  growth 
F  “Fair  growth 
P  =  Poor  growth 
VP  =  Very  poor  growth 

2  -I- means  fungus  penetrated  specimen  previous  to  examination. 
"Plywood  specimens  transferred  to  fresh  feeder  blocks  after  5  weeks. 
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through  the  central  portion  of  the  sample. 
After  being  sterilized  for  20  minutes  at  10 
pounds  pressure,  the  specimens  were  placed  in 
Petri  dishes  on  1-  by  1-  by  ^-inch  fiberboard 
feeder  blocks  that  had  been  impregnated  with  a 
2  percent  solution  of  malt  extract  and  inocu¬ 
lated  with  the  test  fungus.  The  specimens  were 
then  incubated  at  about  80°  F.  Sterile  distilled 
water  was  added  to  the  Petri  dishes  at  weekly 
intervals,  or  when  needed,  in  order  to  main¬ 
tain  sufficient  moisture  for  fungus  growth. 

Daily  examinations  were  made  for  penetra¬ 
tion  and  the  general  condition  of  the  test 
fungus.  Penetration  was  determined  visually. 
Where  the  fungus  growth  was  poor  after  5 
weeks,  the  plywood  specimens  were  transferred 
to  fresh  feeder  blocks. 

The  tests  were  repeated  on  replicate  mate¬ 
rial  after  1  year  in  order  to  ascertain  the  effect 
of  aging  on  the  glue  lines.  The  replicate  mate¬ 
rial  was  kept  at  room  temperature  during  that 
time.  The  flexed  specimens  were  not  included 
in  this  later  test. 

Results 

Lenzites  trabea  and  Polyporus  versicolor  ex¬ 
hibited  poor  to  vigorous  growth  on  the  ply¬ 
wood  specimens  depending  upon  the  type  of 
glue  bond.  The  growth  of  the  two  fungi  after 
2,  4,  and  7  weeks  is  shown  in  Table  1.  Casein 
adhesive,  either  untreated  or  treated,  did  not 
slow  up  fungus  growth  on  the  feeder  block 
nor  on  the  test  specimens.  Cold-pressed  resor¬ 
cinol  resin  and  film  glue  also  had  no  initial 
inhibiting  effects  on  the  fungi,  whereas  a  cold- 
pressed  urea-formaldehyde  and  hot-pressed 
phenolic  resin  with  a  low  pH  value  inhibited 
fungus  growth. 

The  number  of  days  Lenzites  trabea  and  Poly¬ 
porus  versicolor  took  to  penetrate  through  the 
yellow  birch  and  sweetgum  plywood  specimens 
bonded  with  various  glues  is  shown  in  Table  2. 
As  might  be  expected,  the  plywood  bonded 
with  untreated  casein  glue  was  only  slightly 
more  resistant  to  penetration  than  the  controls, 
which  had  no  glue  lines  above  the  inoculum 
at  the  place  of  penetration.  On  the  other  hand, 
the  casein  glue  treated  with  either  5  percent 
sodium  tetrachlorophenate  or  5  percent  sodium 
trichlorophenate  was  quite  resistant  to  penetra¬ 
tion.  In  fact,  some  of  the  specimens  were  not 
penetrated  after  an  elapsed  time  of  150  days. 


at  which  time  the  test  was  discontinued.  The 
preservatives  were  more  toxic  to  Lenzites  trabea 
than  to  Polyporus  versicolor.  All  of  the  treated 
casein-bonded  specimens  were  delaminated 
after  80  days. 

A  commercially  treated  casein  glue,  the  kind 
and  amount  of  preservative  of  which  was  un¬ 
known,  was  only  slightly  more  resistant  than 
the  untreated  casein  glue. 

Of  the  resin  glues,  cold-pressed  resorcinol 
resin  and  the  phenolic  resin  film  offered  the 
least  resistance  to  the  fungi.  These  glues  appar¬ 
ently  had  no  toxic  effect,  since  the  fungi  pene¬ 
trated  them  readily  when  a  small  hole  was 
punched  through  the  glue  lines.  As  a  conse¬ 
quence,  it  is  reasonable  to  assume  that  these 
glues  retarded  penetration  through  the  speci¬ 
mens  by  serving  as  a  mechanical  barrier. 

It  should  be  emphasized  that  a  double  glue 
film  was  used  at  each  glue  line  in  this  test.  A 
single  film  at  each  of  the  two  glue  lines  was 
penetrated  in  17  days  by  Lenzites  trabea  in  a 
preliminary  test.  On  microscopic  examination 
of  a  cross  section  from  this  specimen  the  my¬ 
celium  of  the  fungus  was  observed  to  follow 
along  the  glue  film,  and  to  penetrate  only  at 
small  openings. 

Hot-pressed  resorcinol  resin  was  more  re¬ 
sistant  to  penetration  than  were  the  cold-pressed 
resins  of  this  type.  It  was  not  determined 
whether  this  resistance  was  the  result  of  the 
heat  used  in  pressing,  which  may  possibly  cause 
certain  components  of  the  resin  to  penetrate 
deeper  into  the  wood  cells,  or  whether  the  hot- 
pressed  glue  was  inherently  more  toxic. 

Plywood  made  with  one  of  the  two  cold- 
pressed  urea-formaldehyde  resins  was  pene¬ 
trated  in  slightly  less  than  half  the  time  re¬ 
quired  for  penetrating  the  other.  Differences  in 
the  toxic  qualities  of  the  glues  rather  than  in 
barrier  effect  seemed  to  be  concerned. 

The  phenolic  resin  glues,  other  than  the  film 
glue,  showed  much  the  same  trend  as  the  urea 
glues,  in  that  one  was  moderately  resistant  and 
the  other  very  resistant  to  penetration. 

Hot-pressed  melamine  resin  was  quite  toxic, 
since  the  hole  did  not  decrease  the  time  of 
penetration. 

The  sapwood  of  sweetgum  was  penetrated 
more  readily,  as  a  general  rule,  than  that  of 
yellow  birch. 
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Table  2. — Number  of  Days  Required  for  Lenzites  Trabea  and  Polyporus  Versicolor  to  Grow 
Through  Three-Ply  A-Inch  Yellow  Birch  and  Sweetgum  Plywood 
When  Tested  Soon  After  Gluing 

Treatment  of  plywood 


Untreated*  Flexed*  Cyclic  wet  and  dry*  1/32-inch  hole* 


Number  and  type  of  glue 

L.  trabea 

P.  versi¬ 
color 

P.  versi- 

L.  trabea  color 

L.  trabea 

P.  versi¬ 
color 

L.  trabea 

P.  versi¬ 
color 

1.  Casein _ 

14 

Yellow  Birch  Sapwood 

8V4  12  9 

16 

8 

7H 

4 

2.  Casein  plus  5  percent  sodium  tetra- 
chlorophenate _ 

X» 

78 

X 

113* 

X 

52 

X 

20 

3.  Casein  plus  5  percent  sodium  tri- 
chlorophenate _ 

X 

X 

X 

1178 

X 

46« 

X 

40 

4.  Casein  plus  preservative  (com¬ 
mercial) . . 

24 

25 

20 

27 

19 

39 

5.  Hot-pressed  resorcinol  resin _ 

144 

31 

107 

75 

52 

50 

96 

48 

6.  Cold-pressed  resorcinol  resin _ 

28 

31 

25 

32 

22 

17 

8 

6H 

7.  Cold-pressed  resorcinol  resin _ 

29 

22 

27 

21 

19 

20 

12 

7H 

8.  Cold-preased  urea-formaldehyde 
ream _ 

93« 

51 

45 

41 

34 

17 

35 

38 

9.  Cold-presaed  urea-formaldehyde 
resin . . 

7 

111 

1068 

113 

41 

57 

X 

107 

10.  Hot-pressed  phenolic  resin — film’. 

56 

62* 

54 

57 

51 

43 

9 

4 

11.  Hot-pressed  phenolic  resin _ 

91 

101 

77 

120* 

39 

588 

46 

15® 

12.  Hot-pressed  phenolic  resin _ 

X 

X 

X 

X 

53# 

X 

133® 

X 

13.  Hot-pressed  melamine  resin _ 

X 

72 

7 

75 

81 

67« 

133« 

107 

14.  Control — no  glue  bond* _ 

6>^ 

6 

7 

5 

5^ 

6 

3 

1.  Casein . . . . 

6 

Sweetgum  Sapwood 

5H  m 

7 

12 

6H 

4 

2.  Casein  plus  5  percent  sodium  tetra- 
chlorophenate _ 

X 

51 

X 

47 

496 

19 

X 

13 

3.  Casein  plus  5  percent  sodium  tri- 
chlorophenate _ 

X 

48’ 

X 

52® 

X 

26 

X 

25 

4.  Casein  plus  preservative  (com¬ 
mercial) _ _ _ 

20 

35 

30 

20 

18 

5.  Hot-pressed  resorcinol  resin _ 

84 

66 

81 

58 

52  8 

45 

92 

48 

6.  Cold-pressed  resorcinol  resin _ 

22 

12 

19 

20 

17 

14 

12 

8 

7.  Cold-pressed  resorcinol  resin . 

19 

17 

16 

26 

17 

10 

8 

8 

8.  Cold-pressed  urea-formaldehyde 
resin _ _ _ 

75 

61 

56 

41 

18 

16 

47 

16 

9.  Cold-pressed  urea-formaldehyde 
resin. . 

142’ 

69 

96 

71 

71 

25 

106« 

936 

10.  Hot-pressed  phenolic  resin — film’. 

80 

129« 

63 

67 

25 

15 

4 

4 

11.  Hot-pressed 'phenolic  resin . 

63 

55 

97 

52» 

75 

48 

.52 

326 

12.  Hot-pressed  phenolic  resin _ 

X 

105» 

X 

X 

65 

64® 

X 

X 

13.  Hot-pressed  melamine  resin _ 

135 

76 

113« 

90 

X 

39® 

X 

736 

14.  Control — no  glue  bond® _ 

5 

6 

5 

7 

5 

4 

2^ 

*  All  specimens  conditioned  at  least  2  weeks  at  65  percent  relative  humidity  and  80°  F.  UntreattKl  samples  given  no  further 
treatment. 

^Specimens  flexed  severely  5  times  with  and  5  times  across  the  grain. 

’Specimens  soaked  24  hours  in  distilled  water,  dried  6  days  at  30  percent  relative  humidity  and  80°  F.  and  then  repeated. 
*1 /32-inch  hole  made  through  glue  lines  and  2  veneer  layers. 

means  no  penetration  occurred  during  160  days  of  test. 

"Only  1  of  the  2  replicate  specimens  was  penetrated. 

*FHingus  grew  around  edge  of  specimen  before  penetration. 

’Double  nlm  used  at  each  glue  line. 

’Controls  bonded  with  film  glue  with  abole  0.9  inches  in  diameter  cut  from  glue  films  at  place  of  penetration. 


Flexing,  'with  the  exception  of  the  least  toxic 
of  the  urea  resin  specimens  (number  8  in 
table  1),  had  little  or  no  effect  in  hastening 
penetration. 

All  of  the  glues,  other  than  untreated  casein, 
were  penetrated  more  readily  after  the  cyclic 
wet  and  dry  treatment.  This  treatment  prob¬ 
ably  set  up  stresses  in  the  wood  and  glue  lines, 
and  also  leached  out  some  of  the  toxic  con¬ 
stituents  in  the  glue.  Of  these,  formaldehyde 
may  have  been  leached  out  from  some  of  the 
resin  glues,  and  chlorophenols  from  the  treated 
casein  glues. 

It  may  be  noted  in  Table  2  that  Polyporus 
versicolor  penetrated  most  specimens  in  a 


shorter  time  than  Lenzites  trabea.  The  chloro¬ 
phenols,  especially,  were  very  toxic  to  L.  trabea. 

The  results  of  the  effect  of  aging  on  the 
durability  of  the  various  adhesives  are  shown 
in  Table  3.  Although  some  .differences  in  time 
of  penetration  can  be  noted  between  the  earlier 
and  the  subsequent  test,  the  general  trend  of  re¬ 
sistance  is  much  the  same.  However,  aging  ap¬ 
parently  reduced  the  penetration  resistance  of 
the  untreated  cold-pressed  urea  glues  nearly  as 
much  as  the  soaking  and  drying  treatment.  This 
was  presumably  the  result  of  formaldehyde 
evaporating  from  the  specimens  or  crazing  of 
the  glue  film  during  the  year. 
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Soil  Burial  Tests 
Methods  of  Test 

Plywood  specimens  were  subjected  to  soil 
burial  in  order  to  ascertain  the  durability  of  the 
plywood  as  measured  by  losses  in  weight  as 
well  as  by  the  rate  of  fungus  penetration.  The 
specimens  were  similar  to  those  used  in  the 
penetration  studies,  except  that  the  cold-pressed 
resorcinol  resins  and  commercially  treated  casein 
adhesives  were  omitted.  These  were  not  avail¬ 
able  at  the  time  the  soil  testing  was  done. 

The  specimens  were  approximately  1^  by  3 
inches.  They  were  conditioned,  before  and 
after  burial  in  the  unsterilized  soil,  to  an  equi¬ 
librium  moisture  content  of  about  6  percent  in 
a  room  maintained  at  30  percent  relative  humid¬ 
ity  and  80°  F.  The  weights  of  the  specimens 
were  recorded  at  each  conditioning  period,  and 
the  loss  in  weight  was  calculated  from  these 
weights. 

Two  loosely  covered  aquaria,  each  cubic 
feet  in  capacity,  were  used  for  the  test.  Ordi¬ 
nary  top  soil — a  dark  sandy  loam — was  thor¬ 


oughly  mixed,  and  enough  water  added  to  bring 
the  moisture  content  of  the  soil  to  about  40  per¬ 
cent  by  weight  on  an  oven-dry  basis.  Each 
aquarium  was  filled  approximately  two-thirds 
full.  In  one  aquarium  a  pint  of  corn  inoculated 
with  Poria  incrassata  was  added  to  the  soil. 
This  was  thoroughly  mixed  with  the  soil. 
Molds  grew  freely  on  the  corn  in  the  soil,  and 
apparently  they  reduced  the  vigor  of  P.  incras¬ 
sata. 

Three  specimens  representing  each  glue  were 
set  Yj  below  the  top  of  the  soil  in  each 
aquarium.  They  were  incubated  2^  months  in 
the  corn-enriched  soil,  and  for  three  months  in 
the  plain  soil.  The  soil  was  kept  moist  during 
the  incubation  period  by  adding  distilled  water 
as  needed. 

Results 

The  results,  shown  in  Table  4,  demonstrate 
that  the  resin  adhesives  have  some  effect  on 
preserving  the  wood,  but  do  not  wholly  pro¬ 
tect  it.  Casein  glue  treated  with  either  5  per¬ 
cent  sodium  tetrachlorophenate  or  5  percent 


Table  3. — Number  of  Days  Required  for  Lenzites  Trabea  and  Polyporus  Versicolor  to  Grow 
Through  Three-Ply,  i?2-Inch  Yellow  Birch  and  Sweetgum  Plywood  After  Aging  1  Year 

Treatment  of  plywood 

Untreated*  Cyclic  wet  and  dry 2  1 /32-inch  hole® 


Number  and  type  of  glue 

P.  versi- 

L.  trabea  color 

L.  trabea 

P.  versi¬ 
color 

L.  trabea 

P.  versi¬ 
color 

1.  Casein. _ _ 

Yellow  Birch  Sapwood 
.  19  18 

15 

11 

16 

2.  Casein  plus  5  percent  sodium  tetrachlorophenate 

.  X* 

94 

X 

114  " 

X 

101* 

3.  Casein  plus  5  percent  sodium  trichlorophenate.. 

.  X 

117* 

X 

110* 

X 

87* 

4.  Casein  plus  preservative  (commercial) _ 

_ 

- 

«--- 

_ 

_ 

a.  Hot-pressed  resorcinol  resin _ _ 

.  118 

103* 

51* 

113 

81 

90 

6.  Cold-pressed  resorcinol  resin _ 

.  21 

25 

18 

20 

14 

25 

7.  Cold-pressed  resorcinol  resin . . 

.  30 

28 

20 

16 

10 

7 

8.  Cold-pressed  urea-formaldehyde  resin . . 

.  26 

19 

24 

23 

36 

20 

9.  Cold-pressed  urea-formaldehyde  resin _ 

.  77 

84 

40 

42 

102 

50 

10.  Hot-pressed  phenolic  resin — film* . . 

.  36 

46 

32 

52 

19 

65 

11.  Hot-pressed  phenolic  resin.. . . 

.  84 

105 

55* 

123* 

42 

93* 

12.  Hot-pressed  phenolic  resin . . . . 

.  X 

105* 

48* 

X 

X 

X 

13.  Hot-pressed  melamine  resin _ _ 

.  89* 

78 

82* 

58* 

X 

54 

14.  Control — no  glue  bondt _ 

.  9 

10 

8 

10 

16 

12 

1.  Casein.. _ _ _ _ 

Sweetgum  Sapwood 
.  20 

18 

10 

12 

•  7 

12 

2.  Casein  plus  5  percent  sodium  tetrachlorophenate 

.  X 

81 

X 

90 

136 

133 

3.  Casein  plus  5  percent  sodium  trichlorophenate. . 

.  101 

129 

X 

54 

X 

55* 

4.  Casein  plus  preservative  (commercial) _ 

_ 

•  ••• 

---- 

a.  Hot-pressed  resorcinol  resin _ 

.  50 

50 

25* 

19 

48 

53 

6.  Cold-pressed  resorcinol  resin _ 

.  24 

40 

15 

19 

12 

34 

7.  Cold-pressed  resorcinol  resin _ _ 

.  33 

28 

15 

12 

12 

8 

8.  Cold-pressed  urea-formaldehyde  resin _ 

.  39 

19 

18 

17 

59 

24 

9.  Cold-pressed  urea-formaldehyde  resin _ 

.  81 

.  31 

.56 

53 

97 

50 

10.  Hot-pressed  phenolic  resin — film* _ _ _ 

.  30 

58 

32 

X 

33 

29 

11.  Hot-pressed  phenolic  resin . . . 

.  69 

77 

39 

112* 

43 

89* 

12.  Hot-pressed  phenolic  resin _ 

.  98* 

83 

25 

X 

133* 

151* 

13.  Hot-pressed  melamine  resin _ 

_  61* 

74 

86 

41 

102 

68 

14.  Control — no  glue  bond^ _ _ _ 

.  16 

14 

8 

11 

17 

*A11  specimens  aged  1  year.  Untreated  ones  given  no  further  treatment. 

^Specimens  soaked  24  hours  in  distilled  water,  dried  6  days  at  30  percent  relative  humidity  and  80°  F.  and  then  repeated. 
®1 /32-inch  hole  made  through  glue  lines  and  2  veneer  layers. 

means  no  penetration  occurred  during  the  155  days  of  test. 

®Only  1  of  2  replicate  specimens  was  penetrated. 

•Double  film  used  at  each  glue  line. 

^Control  bonded  with  film  glue  with  a  0.7  square  inch  area  cut  from  film  at  place  of  penetration. 
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Table  4. — Weight  Loss  of  Yellow  Birch  and  Sweetgum  Plywood  After  Exposure  in 

Soil  for  21/2  a«d  3  Months 

Weight  loss' 

Yellow  birch  Sweetgum 


Number  and  type  of  glue 

1.  Casein.. . . . . . . . . . — --- 

2.  Casein  plus  6  percent  sodium  tetrachlorophenate _ _ — 

3.  Casein  plus  6  percent  sodium  trichlorophenate _ 

5.  Hot-pressed  resorcinol  resin _ _ 

8.  Cold-pressed  urea-formaldehyde  resin _ 

9.  Cold-pressed  urea-formaldehyde  resin _ _ — 

10.  Hot-pressed  phenolic  resin — film® _ 

11.  Hot-pressed  phenolic  resin _ 

12.  Hot-pressed  phenolic  resin _ _ 

13.  Hot-pressed  melamine  resin _ 

■  Each  figure  is  the  average  of  3  specimens. 

^Specimens  so  badly  deteriorated  that  they  were  impossible 
®  Double  film  used  at  each  glue  line. 

sodium  trichlorophenate  failed  to  give  good 
protection  under  such  a  severe  test.  Of  the 
resin  glues,  the  low  pH  (2.0)  phenolic  resin 
glue  gave  the  best  protection  to  the  plywood. 
This  adhesive  also  offered  the  most  resistance 
to  penetration.  The  hot-pressed  resorcinol  resin 
gave  fair  protection  to  the  plywood,  while  the 
other  resin  adhesives  were  about  equally  infe¬ 
rior.  None  of  the  glues  gave  adequate  protec¬ 
tion  to  the  wood. 

It  should  be  emphasized  that  the  veneer  in 
this  test  was  only  1/32  inch  thick.  It  is  rea¬ 
sonable  to  suppose  that  any  protection  given  to 
the  wood  by  the  adhesive  would  decrease  as  the 
thickness  of  the  veneer  or  other  form  of  wood 
increased. 

Summary 

Comparisons  of  the  penetration  of  Polyporus 
versicolor  and  Lenzites  trabea  growing  on  fiber- 
board  feeder  blocks  showed  that  the  resin  and 
treated  and  untreated  casein  adhesives  did  not 
completely  protect  three-ply,  3/32-inch  plywood 
of  yellow  birch  and  sweetgum  sapwood.  Soil 
burial  tests  verified  these  results. 

Untreated  casein  adhesive  showed  little  re¬ 
sistance  to  fungi  in  both  the  penetration  and 
soil  burial  tests.  Casein  treated  with  either  5 
percent  sodium  tetrachlorophenate  or  5  percent 
sodium  trichlorophenate  was  fairly  resistant  to 


2)4  months 

3  months 

2)4  months 

3  months 

exposure 

exposure 

exposure 

exposure 

Percent 

Percent 

Percent 

Percent 

40 

2 

39 

53 

33 

50 

36 

46 

25 

54 

27 

29 

19 

26 

12 

25 

25 

38 

15 

34 

29 

37 

16 

34 

30 

35 

15 

31 

19 

35 

12 

27 

10 

18 

10 

16 

28 

38 

12 

34 

remove. 

penetration,  although  these  treated  specimens 
delaminated  after  about  80  days  in  the  penetra¬ 
tion  tests. 

A  commercial  casein  adhesive  containing  a 
preservative  gave  only  slightly  more  protection 
against  penetration  than  untreated  casein. 

A  liquid  phenolic  resin  with  a  pH  of  2.0 
gave  the  best  q5rotection  of  any  of  the  adhe¬ 
sives.  A  second  resin  of  this  type  was  inter¬ 
mediate  in  effect. 

A  phenolic  resin  film  glue  proved  non-toxic 
to  the  fungi,  but  a  double  film  at  each  glue  line 
acted  as  a  mechanical  barrier. 

Hot-pressed  resorcinol  resin  was  much  more 
resistant  to  penetration  than  cold-pressed  resins 
of  this  type.  The  cold-pressed  resorcinol  resins 
seemed  non-toxic  to  the  test  fungi. 

Two  cold-pressed  urea-formaldehyde  resins 
differed  widely  in  penetration  time,  but  re¬ 
acted  similarly  in  soil  burial  tests. 

Hot-pressed  melamine  resin  retarded  pene¬ 
tration  appreciably,  but  gave  little  protection  to 
plywood  buried  in  the  soil. 

No  significant  difference  in  penetration  time 
was  noted  between  samples  that  were  flexed  as 
compared  to  those  not  flexed  before  testing. 
Cyclic  soaking  and  drying  before  testing  de¬ 
creased  penetration  time  about  20  percent  for 
all  adhesives. 
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Occurrence  of  Gelatinous  Fibers  and  Their  Effect 
Upon  Properties  of  Hardwood  Species 

Virginia  Akins 

Technologist 

and 

Maxon  Y.  Pillow 

Technologist 

Forest  Products  Laboratory,^  Forest  Service,  U.  S.  Department  of  Agriculture 


Wood  fibers  with  gelatinous-appearing  inner  layers  have  received  considerable  attention  during  the  past 
IS  years  in  Australia,  England,  and  the  United  States  because  of  their  harmful  effects  upon  some  properties  of 
commercially  valuable  hardwood  species. 

The  results  of  recent  investigations  on  gelatinous  fibers  and  their  effects  are  summarized  in  this  paper 
for  the  purpose  of  coordinating  and  evaluating  the  information  obtained  in  research  at  the  Forest  Produas 
Laboratoiy  and  elsewhere.  It  is  hoped  that  the  summary  will  promote  funher  investigations  of  this  type  of 
hardwood  structure,  for  only  by  such  investigations  can  its  industrial  significance  be  evaluated  and  praaical 
means  of  identifying  it  in  logs  and  lumber  be  developed. 


Previous  Observations  on  Gelatinous  Fibers 
Structure  and  Gross  Appearance 

ELATINOUS  fibers  are  identified  under 
the  microscope  by  the  shiny  and  gelati¬ 
nous  appearance  of  the  inner  portion  of 
the  secondary  cell  wall,  which  looks  so  much 
like  a  distinct  layer  of  the  fiber  wall  that  it  has 
been  referred  to  by  some  authors  as  "the  terti¬ 
ary  wall”  (3)2.  In  woods  normally  having 
thin-walled  fibers,  such  as  cottonwood  and  wil¬ 
low,  the  gelatinous  layer  is  thin  and  a  portion 
of  it  is  often  found  buckled  into  the  fiber 
lumen  in  a  microscopic  section.  When  freshly 
cut  green  material  is  sectioned  and  examined 
microscopically,  less  buckling  of  the  gelatinous 
layers  is  found  than  in  material  that  has  been 
oven-dried.  In  species  with  thick-walled  fibers, 
such  as  oak,  the  gelatinous  layer  is  usually 
thick  and  so  swollen  that  the  fiber  lumen  is 
small  and  irregular  in  shape  compared  to  that 
of  normal  fibers. 

Clarke  (3)  found  that  gelatinous-fiber  zones 
in  end  sections  of  beech  were  silvery  and  more 
lustrous  than  the  rest  of  the  end  surface.  An 
examination  of  freshly  cut  southern  willow  at 
the  Forest  Products  Laboratory  showed  an 
abundance  of  gelatinous  fibers  in  annual  rings 

^  Maintained  at  Madison  5,  Wis.,  in  cooperation 
with  the  University  of  Wisconsin. 

*  Numbers  in  parentheses  refer  to  Literature  Cited 
at  end  of  paper. 


that  had  a  peculiarly  silky  and  lustrous  appear¬ 
ance. 

Effects  of  Reagents  and  Dyes 

'Fhe  gelatinous  layers  react  to  chlor iodide  of 
zinc  by  swelling  considerably  into  the  fiber  cav¬ 
ity  and  staining  blue  or  purple.  With  phloro- 
glucin,  the  middle  lamella,  primary  wall,  and 
outer  portion  of  the  secondary  wall  are  stained 
pink,  while  the  inner  portion  of  the  secondary 
wall  (the  gelatinous  portion)  is  unstained  and 
frequently  lies  shriveled  in  the  lumen  of  the 
fiber. 

Various  biological  dyes  can  be  used  in  mak¬ 
ing  permanent  preparations  for  the  microscopic 
identification  of  gelatinous  fibers.  The  gelati¬ 
nous  layer  stains  green  with  aqueous  safranin 
and  alcoholic  fast  green,  blue  with  safranin  and 
picro-anilin  blue,  and  red  with  crystal  violet 
and  erythrosin,  whereas  the  outer  portion  of  the 
wall  of  gelatinous  fibers  and  the  entire  wall  of 
normal  fibers  stain  red,  yellow,  and  purple,  re¬ 
spectively,  with  these  stains  (I).  The  gelati¬ 
nous  layer  stains  most  readily  with  the  so-called 
"cellulose  stains,”  while  the  rest  of  the  fiber 
wall  stains  with  so-called  "lignin  stains.” 
Although  these  differentially  staining  reagents 
and  dyes  are  useful  in  identifying  gelatinous 
fibers,  they  cannot  be  used  to  determine  the 
extent  of  lignification  nor  the  development  of 
cellulose  in  the  secondary  walls. 
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The  gelatinous  layer  has  been  claimed  to  be 
relatively  rich  in  hemicelluloses  according  to 
Rendle  (i-Z).  Recent  chemical  analyses  of 
beech  wood  with  gelatinous  fibers  in  compari¬ 
son  to  wood  with  normal  fibers  showed  a  sig¬ 
nificantly  lower  content  of  lignin  and  higher 
Cross  and  Bevan  cellulose  content  in  the  gel¬ 
atinous  fibers  than  in  normal-fibered  wood. 
The  pentosan  content  of  holocellulose  obtained 
by  standard  methods  was  found  to  be  higher 
in  normal  fibers  than  in  gelatinous  ones,  from 
which  difference  Chow  (2)  concluded  that  the 
gelatinous  fibers  have  higher  proportions  of 
cellulose  with  relatively  longer  cellulose  chains 
than  the  normal  fibers. 

Distribution  and  Relation  to  Tension  Wood 
Gelatinous  fibers  may  occur  singly,  in  iso¬ 
lated  groups,  or  in  broad  bands.  Potter  (iO) 
found  that  they  were  more  frequent  in  the 
early  growth  rings  of  a  tree,  and  that  in  later 
growth  rings  they  tended  to  be  concentrated  on 
one  side  of  the  stem  during  any  growth  period. 
Their  distribution  may  vary  at  different  heights 
in  a  tree;  they  are  sometimes  well-developed  in 
one  ring  and  absent  in  the  next.  According  to 
Clarke  (3),  they  tend  to  be  proportionately 
more  abundant  in  broad  than  narrow  rings. 
Well-developed  gelatinous  fibers  also  were 
found  by  him  (3)  on  the  upper,  or  tension, 
side  of  leaning  English  beech  trees.  In  gen¬ 
eral,  the  beech  cross  sections  were  eccentric  with 
the  gelatinous  fibers  on  the  longest  radii  in 
the  lower  part  of  the  trunk;  higher  in  the  tree, 
however,  they  occurred  on  all  radii  of  disks 
but  were  not  present  in  all  parts  of  the  same 
annual  rings.  Dadswell  (7)  found  typical  bands 
of  tension -wood  in  long  straight  trunks  of  New 
Guinea  trees,  in  which  this  type  of  structure  is 
not  usually  suspected. 

Early  observations  that  gelatinous  fibers  tend 
to  occur  on  the  upper,  or  tension,  side  of  lean¬ 
ing  tree  trunks,  have  led  to  the  association  of 
gelatinous  fibers  with  "tension  wood”  in  hard¬ 
woods  (3,  11).  The  use  of  the  term  "tension 
wood”  implies  that  this  type  of  structure  is 
formed  in  response  to  the  tensile  stresses  pecu¬ 
liar  to  the  upper  side  of  inclined  parts  of  trees. 
Early  investigators  felt  that  tension  wood  might 
be  influential  in  the  straightening  of  leaning 
trees,  assuming  that  the  tension  wood  pulled  the 
tree  back  to  the  erect  position.  Both  tensile 


stresses  and  gravity  have  been  suggested  as  pro¬ 
ducing  the  physiological  conditions  necessary 
for  the  formation  of  gelatinous  fibers  by  the 
cambial  initials  at  particular  points  in  the  cir¬ 
cumference  of  branches  and  inclined  trunks  of 
trees  (3). 

Effects  on  Properties  of  Wood 

Rendle  {11)  reported  that  the  presence  of 
gelatinous  fibers  causes  defects  or  abnormali¬ 
ties  in  machining  and  seasoning  of  hardwood 
species  in  addition  to  affecting  adversely  some 
strength  properties  of  the  wood. 

Abnormal  Surfaces. — Sawed,  machine-planed, 
turned,  and  shaped  pieces  of  wood  and  also 
sheets  of  veneer  sometimes  have  fuzzy  or 
fibrous-appearing  surfaces.  Planed  surfaces  of 
English  l^ech  (3)  that  contained  gelatinous 
fibers  were  observed  to  be  more  woolly  than 
normal  in  parts  that  were  cut  against  the  grain. 
At  the  U.  S.  Forest  Products  Laboratory  fuzzy 
streaks  and  irregular  areas  were  observed  on 
the  surfaces  of  sliced  mahogany  veneer  in  which 
the  protruding  fibers  were  pulled  from  the  ad¬ 
jacent  sheets.  Such  fibers  on  the  end  grain  of 
logs  and  lumber  are  frequently  bent  in  one 
direction  by  the  pressure  of  the  circular  saw 
blade.  Dadswell  (7)  reported  that  production 
of  lumber  from  some  New  Guinea  species  was 
seriously  impaired  by  the  frequent  clogging  of 
saw  teeth  with  masses  of  loose  fibrous  material. 
Veneer  cut  from  one  side  of  a  large  eccentric 
southern  cottonwood  log  had  fuzzy  surfaces, 
while  that  from  the  opposite  side  was  relatively 
smooth  {!).  Such  fuzzy  areas  were  ascribed  to 
gelatinous  fibers  that  had  been  torn  free  on  one 
end  instead  of  being  cut  cleanly. 

Strength  Properties. — Gelatinous  fibers  were 
found  by  Clarke  (3)  to  be  relatively  common 
in  specimens  of  elm  weak  in  maximum  crush¬ 
ing  strength  along  the  grain,  although  such 
specimens  were  not  necessarily  low  in  density, 
^me  exploratory  determinations  on  mahogany 
and  khaya  also  indicated  that  gelatinous  fibers 
were  more  common  in  end-crushing  specimens 
with  relatively  low  strength  values  than  in  ones 
with  higher  strength  but  with  approximately 
the  same  density.  The  end-crushing  strength  of 
tension  wood  in  beech  also  was  found  by 
Clarke  (3)  to  be  much  lower  than  in  normal 
wood,  irrespective  of  density,  and  to  result  in 
gradual  buckling  failures  in  contrast  to  the 


255 


FOREST  PRODUCTS  RESEARCH  SOCIETY 


localized  compression  failures  that  are  fre¬ 
quently  associated  with  relatively  high  crush¬ 
ing  strength  along  the  grain.  In  a  few  tests, 
the  tensile  strength  was  higher  for  tension  wood 
than  for  normal  wood  specimens,  and  the 
toughness  was  not  found  to  be  appreciably 
lower  when  gelatinous  fibers  were  present  than 
when  they  were  absent.  Koehler  (8)  reported 
that  gelatinous  fibers  occurred  sporadically  in 
both  tough  and  brash  specimens  of  commercial 
white  oak.  Some  of  the  work  on  Australian 
woods  indicated  relationships  between  the  dis¬ 
tributions  of  tension  wood  and  of  brittle  heart 
as  identified  by  broken  fibers  that,  in  turn, 
were  found  to  cause  relatively  low  impact¬ 
bending  strength  (6). 

Longitudinal  Shrinkage  and  Collapse. — Ex¬ 
cessive  longitudinal  shrinkage  of  hardwood  spe¬ 
cies  frequently  is  related  to  the  presence  of 
gelatinous  fibers.  Clarke  (4)  reported  that  a 
shoe-last  block  split  approximately  along  the 
junction  between  the  smooth,  normal  wood  and 
the  woolly  portions  as  a  result  of  higher  longi¬ 
tudinal  shrinkage  in  the  woolly  part.  The  in¬ 
vestigations  on  the  longitudinal  shrinkage  of 


tension  wood  and  of  normal  wood  in  English 
beech  resulted  in  higher  and  somewhat  more 
erratic  values  in  the  tension  wood  than  in  the 
normal  wood  (.5).  A  few  exploratory  deter¬ 
minations  on  willow  from  the  Mississippi  River 
Delta  area  showed  generally  higher,  but  erratic, 
longitudinal  shrinkage  when  small  to  large 
amounts  of  gelatinous  fibers  were  present  than 
when  they  were  absent. 

The  rough  veneer  cut  from  one  side  of  the 
large  southern  cottonwood  log  had  irregular 
corrugations  when  dried  whereas  the  veneer 
from  the  opposite  side  of  the  log  cut  uniformly 
and  smoothly,  and  dried  satisfactorily.  Fig.  1 
shows  flat  and  corrugated  veneer  from  oppo¬ 
site  sides  of  the  log.  Baudendistel  and  Akins 
(f)  investigated  variations  of  longitudinal 
shrinkage  of  the  wood  in  relation  to  the  occur¬ 
rence  of  gelatinous  fibers  in  specimens  from  the 
long  and  short  radii  on  opposite  sides  of  this 
eccentric  log.  Specimens  with  low  longitudinal 
shrinkage  contained  few  or  no  gelatinous  fibers, 
whereas  those  with  high  shrinkage  contained 
many. 


Fig.  1. — Southern  cottonwood  veneer  from  an  eccentric  log  showing  (left)  a  flat  sheet  from  the 
side  with  the  shorter  radii;  and  (right)  a  buckled  sheet  from  the  side  with  the  longer  radii. 
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Fig.  2. — Photomicrograph  of  transverse  sections  of  longitudinal-shrinkage  specimens 
from  an  eccentric  cottonwood  log,  A,  Small  number  of  gelatinous  fibers  in  the  small, 
scattered,  and  darkly  stained  areas;  B,  abundant  gelatinous  fibers  in  lower  two  rings 
and  scattered  distribution  in  upper  ring;  and  C,  abundant  gelatinous  fibers  in  partially 
collapse  areas. 


Specimens  containing  abundant  gelatinous 
fibers  frequently  showed  collapse  in  which  the 
fiber  walls  were  severely  distorted.  Similar  col¬ 
lapse  that  did  not  respond  to  the  usual  recon¬ 
ditioning  treatments  has  been  noted  in  Aus¬ 
tralian  species  (6).  Fig.  2  shows  photomicro¬ 
graphs  of  cross  sections  from  longitudinal- 
shrinkage  specimens,  one  of  which  has  a  small 
amount  and  two  of  which  have  large  amounts 
of  gelatinous  fibers,  one  of  the  latter  showing 
considerable  collapse. 

Recent  Observations 

Serious  defects  have  been  observed  in  hard¬ 
wood  veneer  cut  at  the  Forest  Products  Labora¬ 
tory.  Defects  were  investigated  that  appeared 
to  be  the  result  of  gelatinous  fibers  in  certain 
parts  of  logs.  In  addition,  pieces  from  rela¬ 
tively  large  cottonwood  limbs  and  from  one 
leaning  white  oak  tree  were  obtained  for  in¬ 
vestigating  the  occurrence  of  gelatinous  fibers 
and  variations  in  longitudinal  shrinkage  with 
respect  to  inclined  limbs  and  trunks  of  trees. 


Black  Cottonwood  Veneer 

While  western  black  cottonwood  veneer  was 
being  cut,  it  was  observed  that  one  side  of  each 
of  three  bolts  from  different  trees  produced 
veneer  with  fuzzy  surfaces  and  of  irregular 
thickness.  Even  when  freshly  cut,  the  fuzzy 
veneer  was  slightly  buckled,  and  during  drying 
it  split  and  buckled  seriously.  Fig.  3  shows  cot¬ 
tonwood  veneer  with  fuzzy  surfaces  and  fissures. 

Two  of  these  bolts  were  eccentric,  while  the 
third  was  concentric.  The  defective  veneer 
from  the  two  eccentric  bolts  was  cut  from  the 
side  with  the  shortest  radii  with  respect  to  the 
pith,  while  the  veneer  suitable  for  plywood 
faces  was  cut  from  the  opposite  side.  The  bolts 
were  chucked  in  the  lathe  so  that  they  revolved 
around  their  geometric  centers.  Thus,  the  sheet 
of  veneer  peeled  in  any  one  revolution  of  the 
two  eccentric  bolts  included  portions  of  rela¬ 
tively  widely  separated  annual  rings  across  its 
width,  while  that  from  one  revolution  of  the 
concentric  bolt  included  the  same  or  very  closely 
adjacent  annual  rings.  Small  specimens  from 
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Fig.  3- — Black  cottonwood  veneer  '^e  inch  and  ^  inch  thick  (left  and  right,  respectively)  against  an 
illuminated  background  showing  fuzzy  surfaces  and  fissures. 
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cross  sections  at  the  ends  of  the  bolts  were 
matched  with  the  parts  of  the  sheet  of  veneer 
containing  satisfactory  and  defective  portions  in 
one  revolution  of  the  bolt.  With  respect  to  the 
two  eccentric  logs,  additional  specimens  were 
obtained  from  the  same  annual  rings  on  the 
opposite  side  of  the  bolt  as  those  from  which 
defective  veneer  was  produced  (Fig.  4). 
Transverse  microtome  sections  from  these  speci¬ 
mens  were  examined  for  gelatinous  fibers. 

Gelatinous  fibers  were  abundant  on  the  side 
that  produced  the  fuzzy,  buckled,  and  split 
veneer  in  all  three  bolts.  Practically  no  gelati¬ 
nous  fibers  were  found  in  the  specimens  from 
the  other  side  of  these  bolts,  except  along  one 
of  the  three  radii  in  one  bolt  (No.  3),  as  shown 
in  Fig.  4.  In  this  bolt  the  gelatinous  fibers  ap¬ 
peared  to  extend  considerably  beyond  the  part 
from  which  defective  veneer  was  cut,  although 
they  were  less  abundant  in  the  part  from  which 


satisfactory  veneer  was  cut  than  on  the  oppo¬ 
site  side.  Clarke  (3)  noted  that  gelatinous 
fibers  diminished  in  abundance  to  either  side 
of  where  such  fibers  occupied  approximately 
the  entire  width  of  the  rings. 


Large  Cottonwood  Limbs 

The  occurrence  of  gelatinous  fibers  on  upper 
and  lower  sides  of  large  limbs  and  their  rela¬ 
tion  to  longitudinal  shrinkage  were  investi¬ 
gated,  since  limbs  normally  deviate  consider¬ 
ably  from  vertical  positions.  Two  southern  cot¬ 
tonwood  limbs  from  freshly  cut  trees  were  used 
for  this  study.  Crescent-shaped  bands  that  had 
the  lustrous  appearance  associated  with  tension 
wood,  were  present  in  some  annual  rings  on 
the  upper  side  of  the  cross  section  of  one  limb 
that  grew  horizontally.  No  tension  wood  was 
visually  identified  in  the  other  limb,  which  had 
grown  at  an  angle  of  about  40°  to  the  hori- 
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AMOUNT  OF  GELATINOUS  FIBERS 


ABUNDANT  SOME  NONE 

Fig.  4. — Diagrams  of  black  cottonwood  logs  showing  positions  of  the  specimens  for  determinations  of 

the  distribution  of  gelatinous  fibers. 
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zontal  position  and  was  approximately  con¬ 
centric.  The  longitudinal  shrinkage  was  deter¬ 
mined  on  the  upper  and  lower  sides  of  these 
limbs. 

Transverse  microtome  sections  from  selected 
shrinkage  specimens  were  examined  for  gel¬ 
atinous  fibers.  An  abundance  of  gelatinous 
fibers  and  high  longitudinal  shrinkage  were 
found  in  wood  from  the  upper  or  tension  sides 
of  the  cottonwood  limbs,  while  practically  no 
gelatinous  fibers  and  low  longitudinal  shrink¬ 
age  occurred  in  wood  from  the  lower  sides 
(Table  1).  This  indicated  some  relationships 


Table  1. — Longitudinal  Shrinkage  and  Esti¬ 
mated  Amounts  of  Gelatinous  Fibers  in 
Speqmens  From  Upper  and  Lower  Sides  of 
Two  Cottonwood  Limbs 


Side  of  limb 


Upper*, 


Lower* _ 


Specimen 


1-1-1 

1-1-2 

1-1-3 

1-1-4 

1-1-5 

1-1-6 

1-1-7 

1-1-8 

1-1-9 

1-1-10 

Average 


1-2-1 

1-2-2 

1-2-3 

1-2-4 

1-2-5 

1-2-6 

1-2-7 

1-2-8 

1-2-9 

Average 


Longi¬ 

tudinal 

shrinkage 

Percent 

1.09 

1.17 

.88 

1.05 

1.15 

.94 

.85 

.96 

.97' 

.87 

.99 

.32 

.22 

.21 

.22 

.15 

.14 

.18 

.16 

.19 

.20 


Eistimated 
amount  of 
gdatinous 
fibers 


Large 


Large 


Large 


None 


None 


Very  few* 


Upper®, 


2-1-1 

2-1-2 

2-1-3 

2-1-4 

2-1-5 

2-1-6 

2-1-7 


.  54  Small 

.38  Small 

.  59  Large 

.40  Moderate 

.46  Moderate 

.30  Small 

.26  Small 


Average  .42 


Lower®. _  2-2-1 

2-2-2 

2-2-3 

2-2-4 

2-2-5 

2-2-6 

2-2-7 


.26  None 

.20  None 

.19  None 

.13  None 

.15  None 

.15  None 

.19  None 


Average  .  18 


*  Horizontal  limb. 

®In  one  annual  ring. 

^Inclined  limb,  40“  to  the  horizontal. 


between  gelatinous  fibers,  longitudinal  shrink¬ 
age,  and  the  degree  of  inclination  in  cotton¬ 
wood  limbs. 


Leaning  White  Oak  Tree 

A  leaning  white  oak  tree  was  investigated  in 
order  to  determine  the  relationship  between 
gelatinous  fibers  and  longitudinal  shrinkage 
with  respect  to  the  upper,  or  tension,  side  of 
the  trunk.  This  white  oak  tree,  20  inches  in 
diameter  at  breast  height,  that  had  leaned  16® 
in  the  north-northeast  direction.  The  cross  sec¬ 
tions  of  the  trunk  at  about  2  and  10  feet  above 
the  ground  were  eccentric,  with  the  longest 
radii  on  the  upper  side  of  the  trunk  and  the 
shortest  radii  on  the  lower  side,  and  thus  coin¬ 
cided  with  the  general  direction  of  lean.  At  18 
feet  the  diameter  through  the  longest  and 
shortest  radii  was  approximately  in  the  north¬ 
east  and  southwest  directions,  in  contrast  to  the 
respective  diameters  at  2  and  10  feet,  where  it 
was  more  nearly  north-northeast  and  south- 
southwest.  From  this  it  is  assumed  that  the 
direction  of  the  lean  at  18  feet  was  slightly 
different  than  at  the  lower  levels.  Table  2  shows 

Table  2. — Eccentricity  Based  on  the  Ratio  of 
Upper  to  Lower  Diametrically  Opposite 
Sides  of  a  Leaning  White  Oak  Tree 


Direction  of 

Eccentricity  measured 

Height  above  ground  ratio  diameter 

Feet  Upper/Lower 

2 .  1.31:1  N-NEtoS-SW 

10 .  1.44:1  N-NEtoS-SW 

18 .  1.41:1  NEtoSW 


the  eccentricity  at  2,  10,  and  18  feet  above  the 
ground,  based  upon  distances  from  the  pith  to 
the  bark  as  the  ratio  of  lower  to  upper  diamet¬ 
rically  opposite  radii  approximately  parallel  to 
the  direction  of  lean. 

Longitudinal  shrinkage  and  specific  gravity 
were  determined  along  four  radii,  designated 
as  1  and  2  on  the  upper  and  as  3  and  4  on  the 
lower  side  with  respect  to  the  general  direction 
of  the  lean  of  the  tree  at  levels  of  about  2,  10, 
and  18  feet  above  the  ground. 

The  longitudinal  shrinkage  specimens  from 
both  the  long  radii  of  the  A  and  C  bolts  and 
from  one  long  radius  (No.  2)  of  the  D  bolt 
showed  roughened  and  fuzzy  areas  on  the  longi¬ 
tudinal  surfaces  as  soon  as  they  were  cut  that 
were  still  apparent  after  oven  drying.  In  addi¬ 
tion,  some  specimens  showed  marked  bowing 
after  they  were  oven  dried  (Fig.  5).  The  speci¬ 
mens  from  the  short  radii  were  smooth,  with 
no  rough  or  fuzzy  areas  and  no  bowing.  These 


260 


-Longitudinal-shrinkage  specimens  from  the  long  radii  of  a  leaning  white  oak  tree  showing 
roughened  and  fuzzy  surfaces  and  bowing  after  oven  drying. 


fuzzy  or  rough  areas  were  apparently  due  to 
pulling  or  tearing  of  the  gelatinous  fibers  in 
sawing  the  specimens,  and  the  bowing  was 
probably  due  to  variations  in  longitudinal 
shrinkage  through  the  thickness  of  the  speci¬ 
mens. 

Data  on  Longitudinal  Shrinkage. — The  data 
on  the  averages  and  ranges  of  longitudinal- 
shrinkage  values  and  specific  gravity  are  given 
for  each  radius  in  Table  3.  The  average  longi¬ 
tudinal-shrinkage  values  for  both  of  the  long 
radii  of  the  A  and  C  bolts  and  for  one  long 
radius  (No.  2)  of  the  D  bolt  are  appreciably 
higher  than  Koehler  (9)  considered  normal 
for  most  species  and  than  occurred  in  speci- 


Table  3. — Average  and  Range  of  Longitudinal 
Shrinkage  and  Speofic  Gravity  on  Long  and 
Short  Radii  of  Bolts  From  a  Leaning  White 
Oak  Tree 

Longitudinal 

shrinkage  Specific  gravity 


Bolt  Radius  Average  Range  Average  Range 

Percent  Percent 

A  Long  (1)  0.79  0.61-0.88  0.706  0.661-0.739 

Long  (2)  .72  .44-  .89  .  691  .645-  .747 

Short  (3)  .15  .08-  .24  .667  .578-  .764 

Short (4)  .15  .07-  .19  .686  .624-  .833 

C  Long  (1)  .81  .76-  .89  .680  .615-  .746 

Long  (2)  .77  .  66-  .82  .  670  .  571-  .727 

Short (3)  .18  .15-  .25  .663  .581-  .704 

Short  (4)  .15  .12-  .18  .  667  .  621-  ,721 

D  Long(l)  .28  .17-  .46  .626  .587-  .656 

Long  (2)  .71  .59-  .82  .625  .586-  .707 

Short  (3)  .18  .13-  .30  .640  .  574-  .685 

Short  (4)  .15  .12-  .18  .652  .594-  .686 
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>. — Relation  of  longitudinal  shrinkage  in  percent  of  green  length  to  specific  gravity  based  on  volume 
and  weight  when  oven  dry  of  specimens  from  long  and  short  radii  of  a  leaning  white  oak  tree. 
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mens  from  the  short  radii.  The  shrinkage  values 
found  in  some  of  the  specimens  from  one  long 
radius  (No.  1)  on  the  upper  side  of  the  D 
bolt,  however,  were  intermediate  between  the 
high  values  generally  found  on  the  upper  side 
and  the  low  values  predominant  on  the  lower 
side  with  respect  to  the  general  direction  of 
the  lean  in  this  tree.  Fig.  6  shows  graphically 
the  relation  of  longitudinal  shrinkage  to  spe¬ 
cific  gravity  of  specimens  from  the  long  and 
short  radii  of  the  A,  C,  and  D  bolts  of  the 
leaning  white  oak  tree. 

Occurrence  in  Relation  to  Longitudinal 
Shrinkage. — Some  specimens  from  both  the 
long  and  short  radii  of  each  of  the  A,  C,  and  D 
bolts  were  examined  to  determine  the  amount 
of  gelatinous  fibers.  The  inner  portion  of  the 
gelatinous  fiber  wall  was  visible  as  a  thick  and 
swollen  layer  that  was  frequently  partially  de¬ 
tached  from  the  outer  secondary  wall.  The 
lumen  of  the  gelatinous  fibers  (Fig.  7)  was 
small  in.  size  compared  to  that  of  normal  fibers 
(Fig.  8),  and  at  times  the  gelatinous  portion 
was  split  into  two  layers.  The  normal  fiber  wall 
consisted  of  a  middle  lamella  and  a  homogene¬ 
ously  stained  primary  and  secondary  wall,  and 
the  fiber  lumen  was  fairly  large  and  spherical 


Fig.  7. — Photomicrograph  of  gelatinous  fibers  from 
long  radius  of  leaning  white  oak  tree. 


Fig.  8. — Photomicrograph  of  normal  fibers  from  short 
radius  of  leaning  white  oak  tree. 


(Fig.  8).  The  numbers  of  gelatinous  fibers 
varied  greatly  in  the  specimens  examined  micro¬ 
scopically;  that  is,  in  some  specimens  practically 
no  gelatinous  fibers  were  found,  while  in  others 
almost  all  of  the  fibers  were  gelatinous.  Each 
transverse  section  examined  was  visually  classi¬ 
fied  as  having  no  gelatinous  fibers,  or  as  having 
small,  moderate,  or  large  numbers  of  these 
fibers  (Table  4). 

Moderate  to  large  amounts  of  gelatinous 
fibers  and  high  longitudinal  shrinkage  were 
found  on  the  long  radii  (upper  side)  of  the  A 
and  C  bolts,  while  no  gelatinous  fibers  and  low 
longitudinal  shrinkage  occurred  on  the  short 
radii  (lower  side).  The  two  specimens  with 
moderate  numbers  of  gelatinous  fibers  in  these 
bolts  had  somewhat  lower  longitudinal-shrink¬ 
age  values  than  those  with  larger  numbers  of 
such  fibers. 

The  three  specimens  examined  from  long 
radius  No.  2  from  the  upper  side  of  the  D 
bolt  (18  feet  above  the  ground)  had  high 
longitudinal  shrinkage  and  large  amounts  of 
gelatinous  fibers,  while  the  three  specimens 
from  the  short  radii  (lower  side)  had  low 
longitudinal  shrinkage  and  no  gelatinous  fibers. 
In  contrast,  the  average  longitudinal-shrinkage 
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Table  4.  —  Specific  Gravity,  Longitudinal 
Shrinkage,  and  Estimated  Amount  of  Gela¬ 
tinous  Fibers  for  Each  White  Oak  Specimen 
Examined  Microscopically 


Radius  > 

Longi- 

Rstimated 

and 

Specific 

tudinal 

amount  of 

Bolt  specimen 

Number 

gravity 

shrinkage  gelatinous  fibers 
Percent 

A .  2-10 

0.687 

0.89 

Large 

2-2 

.672 

.80 

Large 

1-10 

.661 

.70 

Large 

1-14 

.683 

.61 

Large 

Moderate 

2-4 

.662 

.57 

2-5 

.686 

.44 

Moderate 

4-11 

.665 

.17 

None 

4-10 

.682 

.15 

None 

3-7 

.677 

.13 

None 

C .  1-13 

.682 

.83 

Large 

2-17 

.621 

.82 

Large 

1-3 

.746 

.82 

Large 

2-14 

.671 

.81 

Large 

2-10 

.655 

.75 

Large 

3-10 

.627 

.19 

None 

3-7 

.702 

.16 

None 

3-3 

.724 

.15 

None 

4-4 

.676 

.14 

None 

4-7 

.689 

.14 

None 

D . -  2-11 

.622 

.82 

Large 

2-12 

.631 

.77 

Large 

2-13 

.619 

.75 

.  Large 

3-11 

.574 

.22 

None 

4-4 

.612 

.16 

None 

3-9 

.6.33 

.16 

None 

1-1 

.628 

.46 

Large 

Moderate 

1-2 

.588 

.41 

1-12 

.615 

.41 

Moderate 

1-13 

.612 

.29 

Moderate 

1-11 

.622 

.28 

Moderate 

1-9 

.639 

.27 

Moderate 

1-10 

.648 

.27 

Moderate 

1-7 

.646 

.22 

Moderate 

1-5 

.656 

.22 

Moderate 

1-8 

.587 

.21 

Small 

1-4 

.635 

.19 

Small 

1-6 

.652 

.18 

Small 

1-3 

.606 

.17 

Small 

’Numbers  1  and  2  designate  the  long  radii,  3  and  4  the 
short  radii. 

values  of  long  radius  No.  1  were  considerably 
lower  than  those  of  radius  No.  2  (table  3). 
In  general,  more  gelatinous  fibers  were  found 
in  specimens  having  the  relatively  higher 
shrinkage  values  than  in  specimens  having  the 
lower  shrinkage  values,  although  some  gelati¬ 
nous  fibers  occurred  in  all  the  sections  (Table 
4).  There  was  considerable  variation  in  the 
location  of  the  gelatinous  fibers  in  these  sec¬ 
tions;  often  they  were  found  only  on  one  edge 
of  a  longitudinal-shrinkage  specimen  or  were 
limited  to  one  or  two  rings  of  a  specimen. 

It  has  been  mentioned  previously  in  the  dis¬ 
cussion  of  the  eccentricity  of  the  D  bolt,  that 
the  lean  of  the  tree  probably  changed  between 
the  levels  at  which  specimens  were  taken  in 
the  C  and  D  bolts,  because  the  greatest  eccen¬ 
tricity  had  changed  from  north-northeast  and 
south-southeast  in  the  C  bolt  to  northeast  and 


southwest  in  the  D  bolt.  Since  the  longitudinal- 
shrinkage  specimens  from  bolt  D  were  cut  from 
the  same  side  of  the  tree  as  those  from  the  A 
and  C  bolts,  it  was  concluded  that  long  radius 
No.  2  from  the  D  bolt  fell  within  the  gela¬ 
tinous-fiber  area  while  long  radius  No.  1  was 
toward  the  edge  of  the  zone  of  gelatinous  fibers 
and  slightly  away  from  the  region  of  greatest 
eccentricity.  Ginsequently,  the  specimens  from 
long  radius  No.  2  had  high  longitudinal  shrink¬ 
age  and  large  amounts  of  gelatinous  fibers, 
while  those  from  long  radius  No.  1  had  small 
to  moderate  amounts  of  gelatinous  fibers  and 
considerably  lower  longitudinal  shrinkage  than 
that  of  specimens  from  radius  No.  2. 

The  data  obtained  from  this  leaning  white 
oak  tree  showed  a  general  relationship  between 
variations  in  the  amount  of  gelatinous  fibers 
present  and  the  longitudinal  shrinkage.  Such 
fibers  were  found  on  the  longer  radii  of  the 
upper  side  and  were  absent  on  the  shorter  radii 
of  the  lower  side,  a  fact  that  substantiates  Ren- 
dle’s  statement  (II)  that  they  characterize  ten¬ 
sion  wood.  Specimens  sawed  from  the  radii 
of  the  upper  side  had  fuzzy  surfaces,  while 
those  from  the  lower  side  were  relatively 
smooth.  In  this  tree,  the  occurrence  of  gela¬ 
tinous  fibers  was  related  to  the  direction  of  the 
lean  and  to  eccentricity,  as  well  as  to  excessive 
and  erratic  longitudinal  shrinkage  and  fuzzy 
surfaces  of  the  specimens. 

Summary 

Fibers  with  gelatinous-appearing  inner  walls 
are  found  in  many  hardwood  species.  The  in¬ 
ner  walls  give  a  "cellulose”  reaction  with  re¬ 
agents  and  stains  in  contrast  to  the  "lignin” 
reaction  of  the  rest  of  the  wall  and  of  normal 
fiber  walls.  Areas  of  gelatinous  fibers  can 
sometimes  be  identified  visually  by  the  silky, 
lustrous,  and  fuzzy  appearance  of  end  surfaces 
of  logs  or  lumber. 

The  occurrence  of  gelatinous  fibers  on  the 
upper  side  of  leaning  tree  trunks  and  branches 
has  led  to  the  use  of  the  term  "tension  wood” 
to  describe  the  type  of  structure  peculiar  to  the 
upper  (tension)  side  of  inclined  parts  of  hard¬ 
wood  trees.  Although  gelatinous  fibers  have 
been  found  most  abundantly  on  the  longest 
radii  of  eccentric  annual  rings,  they  also  occur 
abundantly  on  the  shortest  radii  of  some  eccen¬ 
tric  logs  and  also  in  concentric  logs. 
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Gelatinous  fibers  have  been  shown  to  affect 
adversely  the  maximum  crushing  strength  of 
wood,  but  not  necessarily  other  properties.  Such 
fibers  cause  excessive  longitudinal  shrinkage  of 
wood.  Veneer  with  abundant  gelatinous  fibers 
buckled  and  split,  which  fact,  together  with  the 
fuzzy  surfaces,  made  it  unsuitable  for  plywood 
faces. 

Information  available  is  not  adequate  to 
evaluate  the  seriousness  of  the  defects  produced 
by  the  presence  of  gelatinous  fibers  in  forest 
products,  nor  to  develop  a  practical  means  of 
identifying  them  in  logs  or  lumber  in  order 
that  defective  material  can  be  eliminated  for 
critical  purposes.  Such  lack  of  basic  informa¬ 
tion  points  to  the  need  for  comprehensive  in¬ 
vestigations  of  the  occurrence  and  structure  of 
gelatinous  fibers  with  respect  to  the  lean  and 
other  growth  conditions  of  trees,  as  well  as  in 
relation  to  strength,  shrinkage,  and  other  prop¬ 
erties  of  the  wood. 
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Report  of  Inter-Society  Exploratory  Committee 


This  committee  was  appointed  early  in 
1949  and  consists  of  representatives  of  the 
six  organizations  listed  at  the  end  of  this 
report.  The  task  assigned  to  the  committee  was 
to  study  the  possibilities  and  practicabilities  of 
joint  meetings  between  the  Forest  Products  Re¬ 
search  Society  and  other  societies,  associations, 
and  committees  concerned  with  wood  utilization 
and  wood  research  and  to  explore  the  opportu¬ 
nities  for  coordinated  activities  leading  to  the 
possible  advancement  of  research  and  develop¬ 
ment  in  the  field  of  forest  products. 

It  is  to  be  understood  that  none  of  the 
groups  participating  in  the  work  of  this  Ex¬ 
ploratory  Committee  is  obligated  in  any  way 
by  the  conclusions  or  recommendations  of  the 
committee.  If  action  is  .taken  by  any  organiza¬ 
tion  as  a  result  of  the  activities  of  this  com¬ 
mittee  it  will  be  purely  voluntary  and  through 
the  regular  procedures  of  that  organization.  It 
is  obvious  that  a  committee  such  as  ours  can 
study  and  recommend  but  can  in  no  way  obli¬ 
gate  or  commit  any  of  the  several  organizations 
it  represents. 

Action  Recommended 

In  studying  its  assignment,  the  committee  has 
reached  the  conclusion  that  joint  activities  of 
the  following  kinds  could  serve  a  useful  pur¬ 
pose  and  be  helpful  in  coordinating  activities 
and  promoting  forest  products  research  and  de¬ 
velopment  and  the  application  of  their  findings: 

1.  Promotion  of  full  understanding  between 
the  various  organizations  concerned  of  their  re¬ 
spective  fields  of  interest  and  activity. 

This  effort  can  help  materially  in  the  avoid¬ 
ance,  so  far  as  practicable,  of  unnecessary  dupli¬ 
cation  of  effort.  A  step  in  this  direction  will  be 
the  assembling  of  information  on  the  policies, 
purposes,  and  fields  of  work  of  the  respective 
societies  or  committees  represented  on  our  Ex¬ 
ploratory  G)mmittee,  as  well  as  others  inter¬ 
ested  in  wood  but  not  yet  represented  on  the 
committee. 

2.  Arrange  for  the  systematic  interchange  of 
information  on  locations,  dates,  and  programs 
of  proposed  meetings  of  the  various  organiza¬ 


tions,  to  avoid  undue  saturation  of  ohe  area 
and  neglect  of  others  caused  by  several  groups 
meeting  separately  in  the  same  area  within  a 
short  time  and  discussing  more  or  less  the  same 
subjects. 

With  sufficient  advance  notice  of  proposed 
meetings,  ’  it  will  frequently  be  possible  for 
those  in  charge  of  arrangements  to  develop 
plans  for  joint  meetings  and  programs  or  other¬ 
wise  to  avoid  seeming  duplication  of  effort  or 
competition.  It  is  possible  that  the  office  of  the 
Secretary  of  the  Forest  Products  Research  So¬ 
ciety  will  be  willing  to  serve  as  the  clearing 
house  for  such  exchange  of  information  and 
help  bring  together  those  who  may  be  planning 
similar  meetings  in  a  locality  at  about  the  same 
time. 

There  are  many  opportunities  for  local  meet¬ 
ings  arranged  cooperatively  by  two  or  more 
societies.  An  excellent  example  of  this  is  the 
joint  meeting  of  April  13  and  14,  1950,  in 
Washington,  D.  C.,  "for  discussions  on  the 
subjects  of  greater  mechanical  efficiency  in  lum¬ 
ber  manufacture  and  logging  operations,  wood¬ 
cutting  tools  and  equipment,  use  of  machinery 
in  forestry,  and  post-war  developments  in  wood 
products  research.”  This  meeting  was  sponsored 
by  the  Wood  Industries  Division  of  the  Ameri¬ 
can  Society  of  Mechanical  Engineers,  but  staged 
in  cooperation  with  the  Washington  Section  of 
the  American  Society  of  Civil  Engineers,  the 
Forest  Products  Research  Society,  the  Washing¬ 
ton  Section  of  the  Society  of  Automotive  Engi¬ 
neers,  and  the  Society  of  American  Foresters. 
The  joint  effort  was  much  more  favorable  to 
complete  participation  of  all  who  were  inter¬ 
ested  in  these  subjects  than  the  individual  action 
of  any  single  group  would  have  been. 

There  is  only  limited  opportunity  for  such 
correlation  at  national  meetings  because  the  na¬ 
tional  meeting  of  each  Society  or  Association 
usually  requires  all  the  time  available  during 
the  period  of  the  meeting.  To  some  extent, 
however,  it  is  possible  to  call  committee  meet¬ 
ings  of  one  society  during  or  just  before  or 
after  the  national  meeting  of  another  society 
when  mostly  the  same  people  are  involved.  For 
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example,  it  has  become  the  custom  to  have  a 
meeting  of  ASTM  Committee  D-7  at  the  time 
of  the  annual  convention  of  the  American  Rail¬ 
way  Engineering  Association  in  March.  Many 
individuals  are  members  of  both  groups  and 
can  save  time  and  expense  when  they  are  able 
to  have  more  than  one  meeting  at  the  same 
place  during  a  short  period  of  time. 

3.  Encourage  the  holding  of  joint  symposi¬ 
ums  between  two  or  more  of  the  societies  for 
the  comprehensive  discussion  of  subjects  of 
mutual  interest. 

These  could  be  more  technical  and  less  popu¬ 
lar  in  character  than  the  local  or  sectional  meet¬ 
ings  referred  to  under  item  2,  and  would  appeal 
to  smaller  groups  or  to  specialists  in  an  indi¬ 
vidual  field  of  research  or  development.  For 
example,  suitable  subjects  for  a  technical  semi¬ 
nar  of  specialists  would  be  the  improvement  of 
wood-cutting  saws,  the  chemical  utilization  of 
lignin,  or  design  stresses  for  timber. 

4.  Preparation  of  appropriate  joint  publica¬ 
tions  such  as  handbooks,  pamphlets,  or  other 
types  of  publications  where  joint  effort  may  be 
advantageous. 

No  such  publication  is  now  in  prospect  and 
there  seems  no  immediate  need  for  one.  The 
committee  anticipates,  however,  that  sooner  or 
later,  good  opportunities  of  this  kind  will  de¬ 
velop  in  which  two  or  more  of  the  societies  or 
their  committees  will  find  joint  action  desirable. 

Policy  Reaffirmed 

In  connection  with  items  3  and  4,  reference 
is  made  to  the  1949  report  of  the  FPRS  Com¬ 
mittee  on  Coordination  of  Research.  The  Pol¬ 
icy  Statement,  which  was  recommended  by  that 
committee  and  adopted  at  the  Grand  Rapids 
meeting  of  the  Forest  Products  Research  So¬ 
ciety,  contained  the  following  among  the  seven 
means  of  facilitating  the  coordination  of  re¬ 
search  in  forest  products: 


"4.  Increasing  the  availability  of  abstracts  re¬ 
lating  to  forest  products  research  and  de¬ 
velopment. 

5.  Sponsoring  the  publication  of  monographs 
or  reviews  on  specific  subjects  to  review 
the  current  knowledge  of  each  subject  to 
provide  a  solid  background  for  developing 
new  projects,  and  to  avoid  useless  repe¬ 
tition. 

6.  Sponsoring  and  encouraging  round  table 
meetings  of  experts  engage'd  in  or  inter¬ 
ested  in  specific  subjects  or  lines  of  re¬ 
search,  for  informal  discussion  of  their 
progress,  methods,  and  problems.” 

These  afford  good  opportunities  for  joint 
efforts  or  action  by  all  the  interested  organiza¬ 
tions. 

It  is  the  recommendation  of  this  Exploratory 
Committee  to  the  organizations  represented  in 
its  membership  and  to  all  other  organizations 
interested  in  wood  utilization  that  these  or¬ 
ganizations  endeavor,  each  in  its  own  way,  to 
facilitate  cooperation  and  joint  action  along  the 
lines  indicated  in  the  foregoing  discussion, 
wherever  it  is  practicable. 

George  M.  Hunt,  Chairman,  Forest  Products 
Research  Society 

Frank  J.  Hanrahan,  American  Society  of 
Mechanical  Engineers,  Wood  Industries 
Division 

D.  B.  Mabry,  American  Wood-Preservers’ 
Association 

Herbert  B.  McKean,  Society  of  American 
Foresters 

G.  M.  Magee,  Association  of  American  Rail¬ 
roads 

L.  J.  Markwardt,  American  Society  for  Test¬ 
ing  Materials,  Committee  D-7 

Wm.  A.  Oliver,  American  Society  of  Civil 
Engineers,  Committee  on  Timber  Struc¬ 
tures 
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TECHNICAL  SESSION  VI 
Wednesday,  June  28,  1950,  9:00  A.  M. 

General  Subjea:  Wood  Particle  Board 

Chairman:  C.  C.  Heritage,  Director  of  Development,  Weyerhaeuser 
Timber  Company,  Tacoma,  Washington 

Recorder:  Clarence  D.  Stone,  Elliott  Bay  Lumber  Company,  Seattle, 
Washington  (Chairman,  Pacific  Northwest  Section,  FPRS) 


C.  D.  Stone,  C.  C.  Heritage 
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Hard  boards  From  Wood  Semi-Dry  Process 


H.  R.  Evans 

Plywood  Research  Foundation,  Tacoma,  Washington 


A  semi-dry  process  for  the  produaion  of  hardboards  developed  by  the  Plywood  Research  Foundation, 
Tacoma,  Washington,  is  described.  Bark-free  veneer  waste,  edgings,  slabs  and  other  wood  wastes  or  residues 
can  be  us^  as  raw  materials.  Chips  are  softened  in  a  continuous  steaming  process  and  then  defiberized.  Small 
amounts  of  thetmosening  phenol-formaldehyde  rMins  and  wax  sizing  agents  are  added  to  the  chips  during 
the  softening  process.  Boards  withi  properties  similar  to  those  made  by  commercial  wet-  and  dry-felting 
processes  can  be  obtained  by  this  semi-dry  process. 


Introduction 

HE  semi-dry  process  for  the  production  of 
hardboards,  as  herein  discussed,  was  de¬ 
veloped  by  the  Plywood  Research  Founda¬ 
tion  of  Tacoma,  Washington  and  diflFers  from 
both  the  wet  and  dry  processes  now  in  com¬ 
mercial  production.  In  the  semi-dry  process 
very  little,  if  any,  water  is  added  to  the  green 
or  uncured  wood;  and,  unlike  the  dry  process, 
it  has  not  been  found  necessary  to  remove  any 
moisture  from  the  wood  prior  to  processing. 

The  first  full-scale  production  plant  to  em¬ 
ploy  the  semi-dry  process  is  now  under  con¬ 
struction,  therefore  no  actual  cost  data  is  avail¬ 
able  and  none  will  be  given  here.  The  said 
plant  will  employ  one  twenty-opening,  4-foot 
by  8-foot  hot  press  "line”  having  a  capacity  of 
75,000  square  feet  of  one-fourth  inch  hard- 
board  per  day,  utilizing  waste  from  a  Douglas 
fir  plywood  mill. 

Type  of  Material 

The  type  of  materials  that  may  be  used  in 
the  production  of  hardboard  by  the  semi-dry 
process  range  from  veneer  waste,  and  saw  mill 
edgings  to  slabs,  and  in  some  localities  woods 
waste,  where  the  latter  can  be  accumulated  eco¬ 
nomically.  The  material  should  preferably  be 
bark  free.  However,  a  small  amount  of  bark 
may  be  used  in  certain  types  of  hardboard. 

Preparation  of  Material 

The  chipping,  screening,  conveying  and  stor¬ 
age  of  wood  for  the  semi-dry  process  is  the 
same  as  conventionally  used  in  the  present  hard- 
and  soft-board  plants.  Therefore,  they  will  not 
be  discussed  in  detail  in  this  paper. 


Cooking 

In  order  to  produce  a  suitable  fiber  for  the 
manufacture  of  hardboard,  it  has  been  found 
necessary  to  steam  or  cook  the  chips  prior  to 
passing  them  through  the  mechanical  defiber- 
izers.  This  softening  of  the  chips  may  be  accom¬ 
plished  by  steaming  at  atmospheric  pressure  or 
at  higher  pressures  in  a  rotary  digester  such  as 
is  used  in  a  conventional  insulating  board  plant. 

A  preferred  method  is  one  employing  a  con¬ 
tinuous  cooker  or  steamer  of  recent  design. 
Metered  chips  are  fed  into  a  rotary  barrel-type 
valve  which  feeds  the  main  tube  of  the  cooker 
and  the  chips  are  then  advanced  through  the 
main  tube  of  the  cooker  by  a  series  of  adjust¬ 
able  paddles  set  at  right  angles  to  the  axis.  The 
retention  time  is  controlled  through  the  adjust¬ 
ment  of  the  angle  to  which  the  paddles  are  set 
and  by  a  variable-speed  drive  on  the  shaft  of 
the  cooker.  Steam  pressures  from  20  to  50  psi. 
and  retention  times  from  8  to  20  minutes  are 
used  to  soften  the  wood  chips  for  the  produc¬ 
tion  of  a  suitable  fiber:  This  continuous  method 
of  steaming  or  cooking  the  chips  is  very  advan¬ 
tageous  as  it  provides  a  continuous,  even  flow 
of  material  to  the  defibrators  at  a  controlled 
temperature.  The  out-feed  end  of  the  cooker 
is  controlled  by  another  rotary  or  barrel-type 
valve  which  discharges  into  a  continuous  mixer. 

Additives 

The  additives,  such  as  binder,  size,  or  wax, 
are  introduced  into  the  continuous  mixer  where 
they  are  thoroughly  brushed  onto  the  chips. 
Normally  from  1  to  3  percent,  solids  basis,  of 
thermosetting  resins  such  as  phenolic  and  from 
1  to  3  percent,  solids  basis,  of  a  size  such  as 
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Paracol  or  Ceremul  waxes  are  added.  The 
binder  and  size  are  in  an  emulsion  and  if  addi¬ 
tional  water  is  required,  because  of  a  low  mois¬ 
ture  content  in  the  original  wood,  it  may  be 
added  along  with  the  emulsion. 

An  alternate  method  of  mixing  the  additives 
is  to  take  the  chips  directly  from  the  cooker, 
pass  them  through  the  defiberizing  machine  and 
introduce  the  additives  on  the  fiber;  subse¬ 
quently  passing  the  fiber  either  through  a  con¬ 
tinuous  mixer  or  through  an  attrition  mill 
equipped  with  special  plates  to  disperse  the  ad¬ 
ditives  on  the  fibers. 

Defibrating 

The  coated  chips  being  discharged  from  the 
continuous  mixer  are  fed  directly  to  defiberiz¬ 
ing  machines,  such  as  the  Bauer  Pulper  or  the 
Allis-Chalmers  Interplane  Grinder.  The  type  of 
plates  used  will  vary  somewhat  in  relation  to 
the  species  of  wood  being  ground  and  the  class 
of  fiber  desired  for  a  given  product.  In  addition 
to  the  production  of  the  fiber,  these  attrition 
type  rtiills  have  proven  very  successful  in  dis¬ 
persing  the  small  amount  of  additives  onto  the 
fibers.  Several  tests  using  a  water  soluble  dye 
along  with  the  additives  have  shown  complete 
dispersion  through  the  coloring  of  the  indi¬ 
vidual  fiber  bundles. 

Conveying 

The  fibers  upon  discharge  from  the  refiners 
are  picked  up  in  an  air  stream  by  a  blower  and 
discharged  into  a  cyclone  for  air  separation, 
with  the  fibers  being  fed  directly  to  the  felting 
machine.  While  this  is  a  very  simple  step  in 
the  handling  of  the  fiber,  its  advantages  must 
be  pointed  out  as  against  the  conventional  wet 
process  where  the  fiber  is  handled  in  a  slurry 
usually  of  a  consistency  under  4  percent.  Thus, 
the  semi-dry  process  eliminates  the  expensive 
equipment  and  the  power  necessary  to  handle 
the  immense  volume  of  water  required  in  the 
wet  process. 

Felting 

The  machine  developed  for  laying  down  a 
continuous  mat  of  the  semi-dry  fibers  has  been 
appropriately  named  "Felter.”  The  fibers  dis¬ 
charging  from  the  cyclone  are  fed  by  chute  or 
belt  to  a  high  speed  rotor  in  the  felter  and  dis¬ 
tributed  by  it  to  the  top  of  the  felter  chamber. 


The  fibers  fall  to  the  floor  of  the  felter  giving 
much  the  effect  of  a  very  heavy,  gentle  snow 
storm.  The  effect  of  this  "snowing”  action  pro¬ 
duces  a  type  of  fiber  mat  which  has  a  great  in¬ 
fluence  on  the  properties  of  the  subsequent 
board.  The  floor  of  the  felter  is  a  moving  belt 
which  is  synchronized  with  the  output  of  the 
defiberizers.  As  the  mat  emerges  from  the  felt¬ 
ing  chamber,  it  has  attained  a  height  or  thick¬ 
ness  in  excess  of  that  desired  for  the  final  mat. 
Such  excess  is  removed  and  may  be  returned  to 
the  in-feed  end  of  the  felter.  The  mat  emerg¬ 
ing  from  the  felter  is  6  to  8  inches  thick  for  a 
V^-inch  board  and  is  preferably  compressed  so 
it  will  maintain  a  thickness  of  about  3  inches. 
The  mat  continues  to  advance  on  a  belt  past 
traveling  saw  mechanisms  and  is  automatically 
cut  into  the  desired  lengths  for  pressing.  The 
individual  mats  are  then  separated  from  each 
other  on  belts  to  facilitate  rapid  feeding  thereof 
into  the  press  loader  or  charger.  A  unique 
loader  has  been  designed  which  loads  on  both 
its  upward  and  downward  travels.  By  this 
method  the  waste  heretofore  incident  to  the 
travel  of  a  charger  on  its  return  stroke  has  been 
eliminated,  thus  shortening  the  cycle  required 
for  loading  the  press  and  returning  the  charger 
to  the  correct  position  for  receiving  the  next 
batch  of  oncoming  mats. 

Pressing 

With  the  exception  of  a  greater  daylight 
opening  between  the  plates,  a  conventional  20- 
opening,  steam-heated  hardboard  press  is  used 
for  the  pressing  and  curing  of  the  mats.  The 
mats  are  received  on  conveyer  type  wire  cloth 
from  the  charger  and  carried  onto  the  press 
plates.  Stainless  steel  cauls  are  permanently 
suspended  from  the  bottom  side  of  each  steam 
plate  to  produce  a  hard,  smooth  face  on  one 
side  of  the  board.  An  initial  high  pressure  of 
500  to  1000  psi.  is  applied  for  a  short  period 
and  thereafter  the  pressure  is  automatically  de¬ 
creased  to  a  range  of  125  to  200  psi.  for  the 
balance  of  the  cure.  The  cycle  runs  from  8  to 
12  minutes  for  a  ^-inch  board.  At  the  end  of 
the  holding  cycle  the  boards  are  ejected  or  un¬ 
loaded  from  the  press  by  means  of  the  conveyer 
type  wire  cloth  which  has  remained  under  the 
mat  during  the  pressing  cycle  to  facilitate  the 
venting  of  the  moisture. 
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Humidifying 

As  the  boards  received  from  the  hot  press 
are  very  dry,  they  should  be  placed  in  controlled 
humidity  and  brought  up  to  a  moisture  content 
of  5  to  7  percent  before  being  packaged  for 
shipment.  Either  the  conventional  tunnel  type 
humidiher  which  requires  stacking  and  strip¬ 
ping  of  the  boards,  or  the  wicket  conveyor  type 
humidifier  may  be  used. 

Tempering 

Since  our  work  to  date  on  the  process  has 
been  confined  to  pilot  plant  production  of  a 
standard  board,  the  work  on  tempering  has  been 
relatively  restricted.  However,  such  work  has 
been  sufficient  to  indicate  that  certain  consumer 
needs  will  require  the  tempering  of  a  percent¬ 
age  of  the  production.  This  may  be  done  either 
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by  introduction  of  additional  resin  in  the  process 
or  by  the  addition  of  hardening  oils  to  the  sur¬ 
face  followed  by  baking  prior  to  humidification. 

Properties 

Properties  of  the  boards  produced  under  the 
semi-dry  process  compare  very  favorably  with 
those  of  lx)ards  produced  under  the  long  estab¬ 
lished  wet  process.  With  flexural  strengths  on 
a  board  having  a  density  of  1.0  falling  into  the 
5000  to  6000  psi.  range,  a  standard  board  made 
under  the  semi-dry  process  will  have  a  twenty- 
four  hour  water  absorption  of  about  16  per¬ 
cent  and  a  thickness  swell  of  about  8  percent, 
and  an  edge  swell  of  less  than  one  half  of  1 
percent.  Standard  boards  with  a  density  of  0.85 
to  1.0  have  extremely  hard,  abrasive  resistant 
surfaces  and  have  a  light,  pleasing  color. 


Mr.  R.  F.  England  (State  of  Washington  In-  Mr.  Evans:  The  properties  are  reduced  with 
stitute  of  Forest  Products) :  Can  bark  be  the  reduction  in  resin  content.  You  can  make 

allowed  in  your  process  and  if  so,  what  are  the  board  without  resins;  however  it  will  result  in 

optimum  and  maximum  allowances?  poor  properties. 

Mr.  Evans:  Our  data  is  based  on  bark  free  Afr.  H.  Garland  (Michigan  College  of  Min- 
fibre.  If  color  is  no  defect,  various  percentages  ing  and  Technology) :  Have  you  used  the  so- 

of  bark  can  be  used.  called  "McMillan”  fibre  in  your  research  on 

Mr.  A.  Elmendorf  (Elmendorf  Research,  process? 

Inc.) :  Have  you  any  data  on  the  difference  in  Air.  Evans:  No,  it  hasn  t  been  tried. 

cost  between  the  wet  process  (pumping)  and  Air.  E.  Re'ichman  (Simpson  Logging  Com- 

semi-dry  (air  flow)  ?  P^*iy)  ^  How  well  do  Bauer  Refiner  Plates  stand 

Air.  Evans:  I  couldn’t  give  you  exact  figures  the  dry  grinding  of  wood  ? 

— the  semi-dry  process  cuts  down  costs  due  to  Air.  Evans:  Eight  hours  has  been  the  longest 
less  original  investment.  The  advantage  of  this  continuous  run.  We  don’t  have  the  complete 
process  is  that  it  is  less  expensive.  answer. 

Air.  AI.  E.  Dunlap  (Forest  Products  Labora-  Relchman:  Is  there  any  great  difference 

tory,  Madison,  Wisconsin) :  Is  it  possible  to  i"  type  of  refiner  plate  best  suited  for  dry 
use  species  other  than  Douglas  fir  in  the  manu-  refining? 

facture  of  hardboards  by  the  semi-dry  process?  Mr.  Evans:  Standard  plates  will  work.  Some 

Air.  Evans:  Yes,  other  species  such  as  spruce,  modification  seems  to  be  desirable, 
pine,  redwood,  white  fir  and  combinations  Air.  C.  M.  Keaton  (American-Marietta  Com- 
thereof  have  been  tried.  If  the  pH  is  controlled,  P^r^y)  •  Were  the  values  given  for  moisture 

any  species  can  be  used.  absorption  for  a  24-hour  soaking  period  ? 

Air.  A.  L.  Mottet  (Long-Bell  Lumber  Co.)  :  Yes. 

Is  the  one-percent  to  three-percent  resin  men-  Air.  Keaton:  What  were  the  resin  contents 

tinned  essential  to  the  process  or  can  an  accept-  of  the  boards  ? 

able  board  be  produced  without  resin  as  in  the  Mr.  Evans:  There  was  two  and  one-half  per-’ 
wet  processes?  cent  resin  in  boards  tested  at  Oregon  State. 
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Hardboard  from  Hardwood 

.  Eduard  Farber 
Timber  Engineering  Company 


Hardboards  of  medium  density  and  hardness  were  produced  from  hardwood  chips.  These  chips  were 
treated  by  a  chemo-mechanical  process  to  obtain  pulp  of  specified  degree  of  fiber  hydration.  The  boards  were 
primarily  designed  for  use  as  the  face  material  of  wirebound  boxes  and  were  found  to  perform  satisfactorily. 


General  Principles  and  Special  Cases 

HEN  a  new  industry  grows,  there 
usually  is  an  accompanying  develop¬ 
ment  of  literature  describing,  protect¬ 
ing,  or  praising  the  new  accomplishments.  The 
literature  of  hardboard  manufacture  has  been 
growing  in  direct  proportion  to  the  increase  in 
hardboard  production.  In  a  search  which  was 
admittedly  incomplete,  the  writer  found  about 
45  United  States  patents  on  various  composi¬ 
tions,  methods,  and  machinery.  The  1948  meet¬ 
ing  of  this  Society  was  enriched  by  three  re¬ 
ports  "in  this  field;  one  concerned  a  special 
method  for  fiberizing,  another  described  the 
use  of  the  disk  mill  to  prepare  materials  for 
paper  and  board  manufacture,  and  the  third 
gave  effects  of  variations  in  manufacturing  pro¬ 
cedures.^ 

A  1-day  conference  devoted  entirely  to  wall- 
board  was  held  last  year  under  the  auspices  of 
the  Northeastern  Wood  Utilization  Council. 
The  report  about  this  conference  has  just  been 
issued.^  Another  recent  publication  compares 
the  characteristics  of  the  wet  process,  in  which 
the  cellulose  materials  are  used  in  the  form  of 
fibrous  slurries,  with  those  of  the  dry  process 
in  which  wood  particles  are  combined  with 
resins.® 

Surveys  of  materials,  processes,  machinery, 
and  costs  can  be  found  in  this  literature.  The 
purpose  of  the  present  paper  is  mainly  to  de¬ 
scribe  development  of  a  special  hardboard,  its 
background  and  particular  use.  This  develop¬ 
ment  started  out  with  a  new  method  for  con- 

^  "Proceedings,  National  Annual  Meeting”,  FPRS 
Vol.  2  (1948),  papers  by  U.  Lowgren,  p.  83;  C.  K. 
Textor,  p.  89;  H.  D.  Turner,  J.  P.  Hohf,  and  S.  I. 
Schwartz,  p.  100. 

“Northeastern  Wood  Utilization  Council,  Wall- 
board  Production  and  Uses.  Bulletin  31.  New  Haven, 
Conn.  (1949) 

*Armin  Elmendorf,  "Wood”  5  30.  (1950) 


verting  hardwood  waste  into  pulp.  The  special 
properties  which  distinguish  hardwoods  chem¬ 
ically  from  softwoods  were  put  to  use.  Pulps 
were  obtained  in  yields  of  85  to  90  percent  of 
the  original  hardwood  substance.  From  this 
material  a  hardboard  of  medium  density  was 
produced  for  use  as  the  face  material  of  wire- 
bound  boxes. 

Generally  speaking,  a  variety  of  board  can  be 
obtained  because  the  properties  of  the  fibers 
can  be  modified  by  mechanical  grinding  and 
chemical  additions,  by  combining  or  felting 
pretreated  wood  fibers,  and  by  further  treat¬ 
ment  and  conditioning  of  the  materials  thus 
produced.  It  is  thus  possible,  through  selected 
operations,  to  produce  boards  for  different  uses. 
In  a  new  development  there  is  a  certain  ad¬ 
vantage  in  starting  out  with  the  aim  of  obtain¬ 
ing  a  board  for  a  special  application.  It  may 
be  that  with  the  great  increase  of  interest  in 
the  manufacture  of  boards,  specialization  will 
take  great  strides  in  the  future.  Hardboard  will 
then  become  a  general  name  for  a  group  of 
specifically  different  materials,  although  there 
might  not  be  quite  as  much  difference  between 
them  as  between  all  the  special  kinds  of  plastics 
which  are  included  under  the  general  name  of 
synthetic  resins. 

High  Yield  Hardwood  Pulp 

Methods  for  converting  wood  into  pulp  orig¬ 
inally  developed  in  two  entirely  different  direc¬ 
tions.  By  one  method  all  the  wood  substance 
was  utilized  and  disintegrated  into  fibers  by 
wet  grinding.  By  the  other  method,  as  much 
as  possible  of  the  noncellulose  substance  was 
removed  from  the  wood,  to  the  extent  of  los¬ 
ing  a  little  cellulose  in  the  process,  so  that  the 
yields  were  35  to  45  percent.  The  gap  be¬ 
tween  these  two  methods  began  to  be  filled 
about  a  quarter  century  ago.  At  that  time  the 
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first  methods  were  described  by  the  Forest 
Products  Laboratory  in  Madison,  in  which  only 
a  part  of  the  noncellulose  was  removed  from 
the  wood,  and  pulp  was  obtained  in  yields  of 
over  65  percent.  The  new  method  developed 
at  the  Timber  Engineering  Company  laboratory 
represents  another  step  in  the  direction  of  re¬ 
ducing  the  extent  of  chemical  attack  on  the 
wood  in  preparing  pulp. 

Hardwoods  appear  particularly  suited  for  this 
step  because  they  yield  to  certain  mild  chem¬ 
ical  influences  more  readily  than  softwoods. 
The  amount  of  substance  which  is  easily  solu¬ 
bilized  by  the  action  of  steam,  dilute  acid,  and 
dilute  alkalies  is  considerably  greater  for  hard¬ 
woods  than  for  softwoods  in  general. 

By  removing  only  between  10-15  percent  of 
substances  soluble  under  mild  chemical  action 
upon  hardwood  chips,  the  wood  could  easily  be 
separated  into  its  structural  fiber  elements.  The 
chemical  pretreatment  has  at  least  two  func¬ 
tions  in  the  production  of  this  pulp.  The  en¬ 
ergy  required  for  this  separation  of  the  fibers  is 
reduced,  and  kinds  of  fibers  result  which  have 
the  complex  affinities  for  water  and  properties 
of  felting  essential  in  board  making.  This  way 
of  describing  some  of  the  effects  of  the  chem¬ 
ical  pretreatment  is  not  very  chemical  itself. 
For  the  present  purpose  it  is  not  necessary  to 
penetrate  very  deeply  into  the  complexities  of 
hemicellulose  chemistry.  It  may  suffice  to  men¬ 
tion  that  the  chemical  action  on  the  cellulose 
content  makes  itself  felt  in  the  particular  kind 
of  contraction  and  hardening  of  such  pulp  on 
drying. 

The  influence  of  chemical  pretreatment  mani¬ 
fests  itself  during  the  fiberizing  operation  in 
the  strength  of  a  sheet  of  the  pulp  obtained 
with  relatively  low  power  consumption.  When 
wood  chips  are  passed  through  a  disk  mill,  the 
intricate  actions  of  rolling,  grinding,  crushing, 
and  cutting  are  governed  by  the  form  and  dis¬ 
tance  of  the  rotating  grooved  plates,  the  tem¬ 
perature  of  the  shower  water,  and  particularly 
by  forces  that  hold  the  fibers  together  in  the 
wood.  When  these  latter  are  appropriately  re¬ 
duced,  the  energy  supplied  to  the  disk  mill  will 
not  be  spent  to  an  undesirable  degree  on  crush¬ 
ing  and  cutting.  By  thus  concentrating  the  en¬ 
ergy  on  the  desirable  part  of  the  action  on  wood 
chips,  an  increase  in  energy  consumption  will 
improve  the  pulp  properties;  for  example,  with 
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chips  from  mixed  hardwoods  after  the  mild 
chemical  pretreatment  the  results  given  in  table 
1  were  obtained,  using  a  Bauer  disk  mill  at 
zero  opening  and  107°  F.  shower  water. 

Table  1. — Comparison  of  Power  Consumption 
With  Pulp  Sheet  Properties 


Power _ H.P.  days/ton  22  12 

Freeneas,  New  Green _  411  680 

Mullen  bursting  strength,  percent _  17.7  6.15 

Tearing  strength,  percent _  3.9  5.3 


Pulp  and  Board 

The  role  of  water  in  such  a  grinding  opera¬ 
tion  is  of  a  very  complex  nature.  The  water  in 
which  the  chips  and  the  fibers  are  suspended 
is  not  only  an  inert  carrier,  nor  is  it  only  a 
cooling  medium  to  dissipate  the  applied  energy 
in  the  form  of  heat.  TTiere  is  a  definite  ex¬ 
change  of  chemical  material  between  wood  fiber 
and  water.  To  understand  this,  it  may  be  help¬ 
ful  to  recall  the  experiments  which  show  that 
cellulose,  suspended  in  water  containing  heavy 
water,  in  a  surprisingly  short  time  contained 
some  heavy  hydrogen  acquired  by  exchange  of 
hydrogen  between  the  cellulose  and  the  heavy 
water.^ 

In  paper  maker’s  language,  hydration  indi¬ 
cates  a  relationship  between  fiber  and  water 
which  goes  just  a  little  beyond  mere  physical 
absorption.  A  measure  for  this  relationship  is 
the  rate  at  which  water  drains  from  the  fiber 
slurry.  This  rate  is  designated  as  freeness.  Pulp 
of  high  freeness  is  desirable  because  this  means 
easy  and  speedy  removal  of  water  to  consoli¬ 
date  fiber.  High  freeness  has  to  be  combined 
with  good  formation  of  the  fibers  to  produce  a 
strong  sheet.  As  usual,  in  practical  application 
we  have  to  try  to  reach  a  balance.  For  best  re¬ 
sults  we  have  to  be  satisfied  with  a  medium 
degree  of  freeness  in  order  to  obtain  a  pulp  of 
sufficient  strength.  When  water  leaves  the  fiber 
slurry  too  readily,  in  many  cases  the  fibers  are 
insufficiently  interlocked  to  form  a  good  bond. 
A  medium  degree  of  freeness,  measuring  be¬ 
tween  600  and  700  in  the  Schopper-Riegler 
scale,  is  used  for  the  main  part  of  the  pulp  in 
the  furnish. 

When  wet  grinding  or  hydrating  of  wood 
fibers  is  continued  to  a  much  higher  extent,  the 
pulp  becomes  increasingly  less  free,  so  that 

‘Frilette,  V.  J.,  J.  Hanie,  H.  Mark.  1948.  Jour. 
Am.  Chem.  Soc.  70;  1107. 
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hnally  the  drainage  is  very  slow.  Usually,  a 
very  slow  pulp  is  undesirable,  because  it  can¬ 
not  be  handled  on  high-speed  machines,  or  it 
would  require  a  considerable  increase  of  filter¬ 
ing  surface  on  the  machine.  However,  such 
very  slow  pulp  has  the  desirable  property  of 
developing  great  strength  on  drying.  It  can  be 
compared  to  a  gelatinized  starch  and  has,  there¬ 
fore,  been  called  gelatinized  wood  (or  gel- 
wood).  The  merit  of  such  gelatinized  wood  as 
a  binder  in  board  making  was  discovered  by 
Howard  Weiss.®  The  addition  of  a  small  per¬ 
centage  of  this  material  to  pulp  of  high  free¬ 
ness  reduces  the  freeness  somewhat,  but  not 
critically,  and  produces  increased  strength  in 
boards  made  from  the  developed  high-yield, 
hardwood  pulp  developed  by  the  Timber  Engi¬ 
neering  Co. 

Manufaauring  Procedures 

vThe  basic  ingredients  for  making  these 
boards  are  a  high  freeness  pulp  combined  with 
a  small  proportion  of  very  slow  pulp.  Both  are 
obtained  in  the  form  of  slurries  containing  be¬ 
tween  2  and  5  percent  wood  fibers.  Boards 
made  from  such  a  composition  have  insufficient 
water  resistance.  This  can  be  improved  by  add¬ 
ing  water  repellents.  For  example,  paraffins  or 
asphalt  added  in  amounts  of  2  to  5  percent  of 
the  dry  weight  of  the  pulp  will  reduce  the  water 
absorption  considerably.  When  light  color  is  not 
a  primary  requisite,  asphalt,  in  the  form  of  emul¬ 
sions,  can  be  used.  After  adding  the  emulsion 
to  the  fiber  slurry,  it  is  necessary  to  demulsify 
by  means  of  alum  or,  generally,  by  producing 
a  slight  degree  of  acidity  which  does  not  have 
to  be  below  pH  5.5. 

Once  the  composition  of  the  chemicals  has 
been  decided  upon,  the  manufacturing  proce¬ 
dure  is  relatively  simple.  The  slurry  is  placed 
on  a  dewatering  screen,  subjected  to  pressure  in 
order  to  remove  free  water,  and  finally  dried. 
In  the  laboratory  and  in  relatively  small-scale 
production,  this  can  be  done  on  batch  filters  to 
obtain  a  wet  mat,  with  subsequent  pressing  of 
these  mats  on  forming  screens  separated  by 
plates.  Several  kinds  of  rnachines  are  available 
to  carry  these  procedures  out  in  continuous  op¬ 


eration.  Ingenious  devices  have  been  con¬ 
structed  for  automatic  pressing  and  drying  of 
such  boards. 

The  use  of  very  free  and  very  slow  pulp  in 
mixture  is  only  one  example  of  the  possibilities 
of  manufacturing  procedures.  With  the  same 
kind  of  hardwood  pulp  as  the  basis,  other  ma¬ 
terials  than  slow  pulp  (gelwood)  can  be  used 
to  obtain  the  desirable  degree  of  formation  and 
strength.  Synthetic  resins  can  be  used.  It  is  not 
only  the  high  cost  of  these  resins  which  de¬ 
mands  that  the  quantities  be  restricted  to  very 
low  proportions;  in  addition,  boards  made  with 
relatively  large  proportions  of  synthetic  resins, 
while  of  great  hardness,  may  show  increased 
brittleness.  Melamine  resins  used  in  propor¬ 
tions  of  only  1'  to  3  percent  have  proven  effi¬ 
cient  as  binders  without  giving  objectionable 
brittleness. 

All  pulp  from  hardwoods  is  short-fibered.  It 
is  advantageous  to  add  some  long-fibered  mate¬ 
rials  where  high  elasticity  and  strength  are  re¬ 
quired.  The  influence  of  fiber  length  on  strength 
properties  is  another  of  those  complex  relation¬ 
ships  which  have  been  mentioned  before.  For 
straw  boards,  Lathrop*  was  able  to  show  a  very 
definite  correlation  between  strength  and  length 
of  fibers  and,  particularly,  to  select  the  appro¬ 
priate  proportions  for  optimum  results.  For 
fibers  of  other  origins,  not  only  the  length,  but 
the  felting  properties,  and  something  that  can 
only  be  vaguely  described  as  affinity  to  the  hard¬ 
wood  fibers  are  to  be  considered.  For  our  pur¬ 
pose,  mixtures  of  80  pounds  of  our  hardwood 
pulp  with  20  pounds  of  a  kraft-type  softwood 
pulp  proved  highly  satisfactory,  particularly 
when  combined  with  gelatinized  wood  made 
from  the  hardwood  pulp. 

Testing  Procedures 

I  mentioned  at  the  beginning  that  this  par¬ 
ticular  hardboard  was  to  be  used  as  the  face 
material  for  wirebound  boxes.  The  tests  were 
designed  to  indicate  those  properties  which 
most  likely  would  be  important  for  this  special 
use.  The  goal  was  to  reach  the  strength  prop¬ 
erties  of  gum  veneer.  This  therefore  served  as 
the  basis  for  comparisons. 


“Weiss,  Howard.  U.  S.  Patent  Nos.  1,631,171,  “Lathrop,  E.  C.,  T.  R.  Naffziger.  1949.  Tappi  32- 
1,631,172  and  1,631,173.  309-30. 
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Fig.  1. — Pilot  plant  for  pulp  and  board  making. 
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The  main  strength  tests  were  those  for  static 
bending,  toughness,  and  staple-holding.  These 
tests  were  designed  to  approach  conditions  sig¬ 
nificant  for  the  endurance  of  a  box.  A  short 
span  was  therefore  used  in  bending,  and  the 
behavior  of  the  board  in  stapling  it  to  wood 
was  investigated.  Strength  and  resilience  are 
thereby  measured. 

Static  Bending  Tests 

Pieces  4  by  6  inches  were  tested  over  a  4-inch 
span  in  a  Baldwin-Southwark  testing  machine. 
The  load  was  applied  in  the  center  of  the 
span  at  the  rate  of  0.1  inch  per  minute.  The 
end  point  was  defined  as  a  definite  failure  of 
the  test  piece.  The  maximum  load  at  this  point 
was  determined. 

Toughness 

Specimens  %  inch  wide  and  10  inches  long 
were  tested  over  a  4-inch  span  in  a  machine 
built  according  to  the  Forest  Products  Labora¬ 
tory  design.  The  load  was  applied  by  means 
of  the  free-swinging  pendulum.  The  energy 
absorbed  in  breaking  was  measured  in  terms  of 
foot-pounds. 

Staple  Holding 

The  staple-holding  test  was  designed  to  meas¬ 
ure  the  lateral  load  required  to  pull  staples 
driven  through  the  board  into  a  wooden  cleat. 
The  piece  of  board  2.5  by  4  inches  was  con¬ 
nected  to  wood  by  staples  made  from  wire  of 
0.063-inch  diameter.  Two  staples,  each  %  inch 
away  from  the  edge,  were  driven  straight  into 
the  cleat  by  hand.  A  piece  of  wire  positioned 
under  the  staples  had  a  diameter  of  0.081  inch. 
This  assembly  was  clamped  in  the  testing  ma¬ 
chine.  The  rate  of  pull  was  determined  by  a 
platen  speed  of  0.025  inch  a  minute.  The  load 
at  the  point  of  failure  was  registered.  In  most 
cases  failure  consisted  in  the  pulling  of  the 
staples  through  the  board.  Sometimes  tension 
failure  between  the  staples  was  observed. 

In  addition  to  these  tests,  which  were  ampli¬ 
fied  by  other  special  arrangements  and  by  the 
usual  kind  of  water-absorption  measurements,  a 
nondestructive  test  based  on  determination  of 
resonant  frequencies  was  developed.  The  as¬ 
sembly  used  is  shown  in  Fig.  2. 
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Fig.  2. — Apparatus  for  determining  resonant  fre- 
quenqr  of  fiberboards.  A,  board  being  tested;  B,  elec¬ 
trodynamic  vibrator;  C,  audio  oscillator;  D,  power 
amplifier;  E,  oscilloscope;  F,  crystal  pickup. 

Influential  Factors 

The  most  desirable  board  is  one  which  com¬ 
bines  high  strength  in  bending  with  great 
toughness,  and  can  be  manufactured  at  low 
cost.  Usually,  however,  when  testing  modifica¬ 
tions,  it  will  be  found  that  those  which  increase 
strength  in  bending  will  tend  to  reduce  tough¬ 
ness.  The  accompanying  table  2  shows  some 
of  these  results. 


Moisture  Content  (percent) 


Fig.  3. — Change  in  static  bending  strength  and 
toughness  of  hardwood  pulp  boards  with  moisture- 
content. 
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Table  2. — Composition  and  Characteristics  of  Hardboard 


Specimen  number. . . 

Pulp . 

Binder _ _ 

Thickness . . - . 

Spec,  grav . . . . 

Weight,  grams  per  sq.  ft. _ 

Maximum  bending  load,  pounds. 

Toughness,  inch-pounds _ 

Water  absorption,  percent: 

2  hrs. _ 

24  hrs . . . 


51 

58 

216 

220 

gum  veneer 

Teco 

Teco 

Teco  and 

Teco  and 

20%  Kr 

10%  straw 

16% 

3% 

10% 

10% 

gelwood 

melamine  resin 

gelwood 

gdwood 

0.170 

0.170 

0.195 

0.200 

0.125 

0.75 

0.75 

0.74 

0.71 

0.525 

293 

306 

339 

336 

146 

116.0 

117.0 

104.0 

98.0 

170.0 

6.64 

6.51 

6.94 

6.14 

9.60 

10.3 

10.6 

14.4 

15.6 

34.2 

41.4 

44.5 

55.3 

Moisture  content  also  has  a  decided  influence 
on  these  strength  properties.  Fig.  3  gives  an 
example  for  the  increase  in  toughness,  accom¬ 
panied  by  a  loss  in  bending  strength  when 
moisture  content  is  increased. 

Performance  Tests 

The  ultimate  test  for  boards  of  this  kind  is 
their  performance  in  actual  use  to  make  wire- 
bound  boxes.  In  this  kind  of  box,  panels  are 
combined  with  wires  and  staples  which  are  held 
to  wooden  cleats  in  the  manner  illustrated  in 
Fig.  4.  A  great  number  of  such  boxes  were 


Fig.  4. — All-bound  box  made  of  Teco  hardwood 
board,  shown  after  73  falls  produced  final  failure. 


made  in  the  Package  Research  Laboratory  of  the 
Stapling  Machines  Company,  Rockaway,  New 
Jersey,  loaded  in  accordance  with  special  experi¬ 
ences  of  the  Package  Research  Laboratory,  and 
tested  by  tumbling  in  a  1 4-foot  drum  provided 
with  specially  designed  hazards.  The  number 
of  falls  until  failure  begins  and,  after  continued 
tumbling,  until  a  definite  break  occurs  are  re¬ 
corded.  One  of  the  results  obtained  with  par¬ 
ticular  compositions  of  board  for  the  face 
materials  is  represented  in  Fig.  4.  It  will  be 
seen  that  some  of  these  boards  perform  very 


well.  The  correlation  between  the  tests  of 
actual  performance  and  the  single  quality  tests 
on  specimens  is  shown  in  Table  3. 

Forests  and  Industries 

The  question  may  be  asked  why,  in  this  par¬ 
ticular  case,  a  so-called  synthetic  board  should 
be  developed  and  investigated  when  it  is  known 
that  the  material  for  this  application  can  be 
produced  by  converting  logs  into  veneer.  The 
reasons  are  manifold  and  connected  with  a 
number  of  technical  and  commercial  aspects. 
When  we  produce  synthetic  rubber,  even  at 
times  when  natural  rubber  is  available,  we  try 
to  accomplish  at  least  two  purposes.  One  is  to 
be  independent  of  supplies  from  crops  and  in¬ 
fluences  of  such  complex  nature  as  weather 
and  transportation.  The  second  purpose  is  to 
produce  materials  in  which  properties  can  be 
variously  combined  and  qualities  improved. 
This  is  only  an  example;  not  all  features  which 
characterize  it  can  also  be  applied  to  our  pres¬ 
ent  case.  While  the  raw  material  used  for  syn¬ 
thetic  rubber  has  nothing  to  do  with  that  for 
natural  rubber,  our  raw  material  for  synthetic 
boards  is  in  substance  the  same  as  that  for  what 
may  be  called  the  natural  board  for  which 
veneer  is  used.  The  same  in  substance  does 
not  mean  the  same  in  availability  and  value. 
We  start  from  the  by-product  necessarily  pro¬ 
duced  when  using  trees  to  make  lumber,  veneer, 
and  manufactured  materials.  While  situations 
may  arise,  and  have  arisen,  in  which  the  natural 
material,  veneer,  is  in  short  Supply,  the  by¬ 
product  for  the  synthetic  material  will  always 
be- available  as  long  as  the  main  products  are 
being  made.  With  respect  to  that  second  pur¬ 
pose  mentioned  above,  the  situation  for  the  syn¬ 
thetic  board  is  much  more  nearly  comparable  to 
that  described  for  the  synthetic  rubber.  The 
effort  of  synthesis  starts  with  the  goal  of  obtain¬ 
ing  a  material  that  is  equivalent  to  the  natural 


276 


FOREST  PRODUCTS  RESEARCH  SOCIETY 


Table  3. — Results  of  Rough-Handung  Tests  on  All-Bound  Boxes  Made  of  Teco  Hardwood 

Pulp  Face  Boards' 


Board  characteriatics; 


Gelwood 


Binder  used _ _ _ _ 

Gelwood 

and  Kraft 

Melamine 

resin 

Thickness  average . . . 

_ inches 

0.191 

0.182 

0.141  < 

0.219 

0.223 

Weight  M.S.F . 

_ pounds 

685 

766 

584 

824 

893 

Specific  gravity . . 

Flexural  tests,  3"  span: 

.69 

.80 

.77 

.75 

.87 

Max.  load _ _ _ 

_ pounds 

94 

105 

34 

160 

162 

Puncture  teat, . . 

..G.E.  units 

990 

990 

602 

1,  020 

1.  272 

Boxes: 

Test  loads _ _ _ 

_ pounds 

150 

150 

100 

150 

150 

Number  of  falls: 

Air-conditioned: 

First  serious  failure _ 

23 

46 

25 

19 

43 

Final  failure _ 

50 

8.3 

35 

31 

61 

Conditioned  at  86®  F.  92%  R.H. 

48 

94 

Final  failure _ 

48 

108 

'  Inside  dimensions  of  boxes:  20"xl6"xl2". 


one;  then,  however,  avenues  are  opened  up 
which  lead  to  possibilities  of  further  improve¬ 
ments. 
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Discussion 

Mr.  E.  Morath  (Food  and  Agriculture 
Organization  of  the  United  Nations) :  The 
international  cooperation  in  the  field  of  fiber- 
boards  and  wood  particle  boards  demands  a 
better  understanding  with  regard  to  the  termi¬ 
nology  and  a  unification  of  the  testing  methods. 
The  Division  of  Forestry  and  Forest  Products 
of  FAO  is  preparing  an  international  investiga¬ 
tion  on  this  subject  and  requests  the  help  of 
the  gentlemen  present  whom  I  shall  contact 
directly. 

Mr.  Farber:  In  my  oral  presentation  I  have 
deviated  considerably  from  the  printed  text  to 
put  more  emphasis  on  some  of  the  fundamental 
aspects.  I  shall  be  glad  to  help  in  further  clari¬ 
fication  of  terminology  and  unification  of  test¬ 
ing  methods  which  are  so  essential  for  further 
progress. 

Mr.  R.  C.  Fraunberger  (Philco  Corp.) : 
What  properties  could  be  specified  for  the  ideal 
hardboard  ? 

Mr.  Farber:  General  factors  to  be  considered 
are  the  following:  1.  Pleasing  appearance. 

2.  Strength  adapted  to  specific  application. 

3.  Dimensional  stability.  This  is  not  necessarily 
the  order  of  importance  of  these  factors. 


Mr.  /.  Hall  (Pacific  NW  Forest  Experi¬ 
ment  Station)  :  What  about  species  variation  in 
hardwoods  esjjecially  with  respect  to  variations 
in  hydratability  and  extractives  and  the  possi¬ 
bility  of  mixed  boards  of  conifer  and  hardwood 
using  hardwood  fiber  for  hydration. 

Mr.  Farber:  There  are  differences  in  ease  of 
hydratability  between  softwoods  and  hard¬ 
woods.  Hardwoods,  after  at  least  mild  chemical 
preparation,  without  removing  much  of  the 
hemicelluloses,  usually  hydrate  more  rapidly 
and  form  stronger  bonds  on  drying. 

Mr.  A.  H.  Rauch  (Plywood  Research  Foun¬ 
dation)  :  Approximately  what  percent  of  "gela¬ 
tinous  wood”  would  be  required  in  order  to 
realize  a  hardboard  having  a  specific  gravity  of 
about  1.0  and  a  modulus  of  rupture  in  bending 
of  5,000  psi. 

Mr.  Farber:  Between  10  and  20  percent  in 
the  total  furnish. 

Mr.  E.  Clapperton  (Western  Pine  Associa¬ 
tion)  :  Are  we  approaching  a  saturation  of  the 
market  for  hardboard  materials.^ 

Air.  Farber:  In  most  regions  we  are  still  far 
from  saturating  markets.  Opportunities  for  spe¬ 
cial  grades  of  boards  are  just  beginning  to  be 
developed. 
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Mr.  R.  W.  Miller  (Simpson  Logging  Co.) : 
What  dimensional  stability  to  water  vapor  is 
obtained  from  use  of  hardwood  as  contrasted 
with  softwood  (coniferous)  ?  Does  the  pento¬ 
san  content  of  a  fiberboard  affect  its  dimen¬ 
sional  stability  to  water  vapor? 

Mr.  Farher:  Dimensional  stability  to  water 
vapor  is  more  a  function  of  density  and  fiber 
coating  than  of  pentosan  content.  The  irrever¬ 
sible  part  of  the  drying  in  manufacture  also  has 
to  be  considered. 

Mr.  A.  K.  Esterer  (Weyerhaeuser  Timber 
Co. ) :  How  do  you  define  toughness  and  how 
IS  it  measured? 

Mr.  Farber:  Toughness  is  the  resistance  to 
sudden  energy  loads.  It  is  measured  as  the 
energy  required  to  produce  sudden  break  of  a 
sample  of  specified  dimension. 

Mr.  A.  L.  Moltet  (Long-Bell  Lumber  Co.): 
Your  paper  attaches  a  great  deal  of  importance 
to  hydration  in  the  formation  of  fiber  bonding 
in  hardboard.  Some  manufacturers  of  wet 
process  hardboards  attribute  the  bonding  to 
"activation”  of  the  lignin  and  plastic  flow  of 


lignin  under  heat  and  pressure  in  the  pressing 
operation.  Do  you  consider  this  latter  action  to 
play  any  important  role  in  your  hardboard? 

Mr.  Farber:  No,  cellulose  makes  a  fine  board. 
However,  the  question  brings  to  light  an  im¬ 
portant  factor.  It  would  be  interesting  to  de¬ 
termine  the  basis  for  explanations  which  use 
plastic  flow  of  lignin  which,  at  present,  is  done 
more  or  less  as  conjecture.  We  know  that  cer¬ 
tain  kinds  of  lignin  undergo  irreversible 
changes  under  the  influence  of  heat,  particu¬ 
larly  when  combined  with  pressure.  I  suggest 
that  somebody  should  investigate  the  chemical 
conversion  connected  with  hardboard  molding, 
with  attention  to  the  possibility  that  it  is  not 
the  lignin  alone,  but  part  of  the  entire  wood 
substance  which  is  chemically  modified. 

Mr.  H.  G.  Stern  (Virginia  Polytechnic  Insti¬ 
tute)  :  Can  you  give  cost  data  of  hardboard  vs. 
veneer  faces  for  wirebound  crates? 

Mr.  Farber:  It  is  difficult  to  give  prices  for 
veneer  right  now.  Manufacturing  cost  of  hard¬ 
board  from  hardwood  waste  material  is  esti¬ 
mated  at  from  15  to  20  dollars  per  thousand 
square  feet,  at  ^-inch  thickness. 
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Small  Plant  Set-Up  for  Insulation  and 
Hardboard  Manufacture 

R.  T.  DePan 

Development  Engineer,  Downingtown  Manufacturing  Company,  Downingtown,  Pennsylvania 


Planning  a  small  plant  for  making  hard  or  soft  board  entails  taking  cognizance  of  quite  a  number  of 
faaors.  There  are  several  different  processes  used  employing  various  types  of  equipment.  The  selection  of  the 
proper  process  calls  for  a  study  of  the  raw  materials  including  their  adamation  to  board  manufacture,  cost  of 
the  plant,  the  manufocturing  cost  of  board  and  the  possibility  of  a  steady  market  for  the  finished  product. 


Introduction 

ONSIDERABLE  interest  has  been  shown 
in  this  country  in  recent  years  in  processes 
and  equipment  for  the  manufacture  of 
insulation  board  and  its  somewhat  denser 
counterpart  hardboard.  This  interest  has  been 
stimulated  to  a  great  extent  by  the  increased 
demand  for  low  cost  building  materials,  by  the 
increased  difficulty  in  obtaining  first-grade  peel¬ 
ing  logs  for  plywood  manufacture,  by  the  in¬ 
creasing  awareness  of  lumber  mills  and  wood 
using  industries  of  the  need  or  desirability  for 
utilizing  waste  and  trim,  and  by  the  definite 
trend  toward  conservation  and  the  necessity  for 
more  efficient  utilization  of  one  of  our  natural 
re.sources,  the  forests. 

Insulating  Board 

The  term  insulating  board  as  considered  here 
indicates  a  porous  rigid  board  composed  of 
wood  or  vegetable  fiber  material.  Although  its 
insulating  value  decreases  with  increase  in  den¬ 
sity,  strength  requirements  place  the  lower  lim¬ 
its  of  its  density  in  the  range  of  14  to  20 
pounds  per  cubic  foot.  Commercial  thicknesses 
are  usually  inch  for  wall  panels,  planks  and 
tiling,  up  to  inch  for  sheathing  purposes. 
Some  ^-inch  board  is  being  made  and  lami¬ 
nated  products  up  to  4  inches  thick  for  roof 
insulation  are  also  produced. 

Due  to  the  multiplicity  of  raw  materials 
used  there  are  numerous  processes  for  the  man¬ 
ufacture  of  insulating  board,  but  only  those 
utilizing  wood  in  some  form  or  another  will  be 
discussed.  Also,  processes  producing  less  than 
50,000  sq.  ft.  per  day  will  not  be  considered. 


Stock  Preparation  Methods 

There  are  usually  two  broad  methods  for 
producing  fiber  for  insulation  board  purposes, 
namely  by  grinding  or  by  use  of  attrition  mills 
of  some  sort. 

Grinding 

Perhaps  the  greatest  percentage  of  fiber  pro¬ 
duced  for  insulating  board  is  made  by  grinding 
the  wood.  Grinders  may  be  of  the  pocket  or 
magazine  type.  Wood  bolts  about  30  inches 
long  and  4  inches  to  20  inches  in  diameter  are 
placed  parallel  to  the  face  of  the  grinding  stone 
with  the  long  direction  of  the  wood  parallel  to 
the  shaft  of  the  grinder.  The  stone  of  a  spe¬ 
cially  designed  abrasive  travels  at  high  speed. 
The  wood  is  pressed  to  the  face  of  the  stone  by 
a  ram  until  it  is  ground  into  small  fibers  or 
fiber  bundles.  Water  is  played  on  the  surface 
of  the  grindstone  to  prevent  the  wood  from 
burning  and  to  wash  away  fibers  already 
ground.  Wood  for  grinding  is  usually  in  the 
green  state  and  is  sometimes  soaked  in  water 
or  weak  chemical  solution  before  being  g.-tiund. 
Grinding  has  a  high  production  for  unit  cost 
of  equipment  but  is  limited  to  the  ph3rsical  size 
of  the  stick  it  uses.  At  present,  work  is  being 
done  on  the  grinding  of  chips  and  if  it  proves 
practical  will  enable  insulation  board  manufac¬ 
turers  to  use  waste  and  small  sticks  in  their 
process. 

Attrition  Mills 

Asplund  Defibrator.  A  continuous  type  of 
fiberizing  machine  used  both  in  this  country 
and  abroad  is  the  Asplund  Defibrator.  Wood 
chips  are  pulped  in  the  Defibrator  at  elevated 
temperatures  in  a  steam  atmosphere  correspond- 
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ing  to  pressures  between  125  and  175  psi.  The 
wood  chips  are  continuously  introduced  into  a 
high-temperature  preheating  chamber  by  means 
of  a  screw  or  plunger  feed.  Heating  by  satu¬ 
rated  steam  at  temperatures  ranging  from  350° 
to  370°  F.  causes  softening  of  the  binding  sub¬ 
stances  between  the  individual  fibers.  After 
passing  through  the  preheating  chamber,  the 
heated  chips  are  conveyed  to  the  attrition  disc 
while  still  under  pressure.  Here  separation  of 
the  fibers  is  effected  by  passing  the  chips  be¬ 
tween  a  rotating  and  a  stationary  disc.  After 
defiber ization  the  pulp  is  blown  from  the  de¬ 
fibrating  chamber  through  reciprocating  or 
nozzle  valves  to  a  collector  under  atmospheric 
pressure.  A  Defibrator  may  be  expected  to 
process  10  to  30  tons  of  dry  wood  per  24  hours 
depending  on  the  type  of  wood  and  the  degree 
of  fiber  separation  desired.  Asplund  fiber  may 
be  further  refined,  after  defiberization.  For  use 
in  insulation  board  in  this  country  Asplund 
fiber  is  usually  mixed  with  groundwood  or 
fiber  produced  by  other  types  of  attrition  mills. 
It  may  be  refined  and  used  to  the  extent  of 
100  percent  in  board  if  so  desired. 

Other  attrition  mills.  Other  types  of  equip¬ 
ment  for  producing  insulation  board  fiber  from 
wood  include  the  Bauer  pulper,  the  Allis- 
Chalmers  Interplane  Grinder,  the  Sprout- 
Waldron  Refiner,  the  McMillan  Machine,  the 
Elmendorf  Defiberizer,  the  Weinerfiner  and 
hammermills.  The  Bauer  pulper  has  the  greatest 
usage  in  the  mills  in  this  country.  This  is  a 
double-disc  machine  in  which  both  discs  are 
rotated.  Stock  is  fed  to  the  center  of  the  discs 
through  an  opening  in  the  center  of  one  and 
is  discharged  at  the  periphery. 

For  defibering  wood  for  use  in  insulation 
board  it  may  be  advisable  to  cook  it  in  some 
manner.  A  mild  treatment  may  consist  of  a 
steaming  at  atmospheric  pressure  or  a  soaking 
in  boiling  water.  A  harsher  treatment  is 
effected  by  steaming  under  pressure  and  the 
time  of  steaming  will  depend  on  the  type  of 
fiber  used  and  the  end  product  desired.  The 
treatment  may  vary  from  a  few  minutes  steam¬ 
ing  at  300  psi.  to  120  minutes  steaming  at  30 
psi.  Very  usable  fiber  is  prepared  from  chips 
steamed  for  15  minutes  at  100  psi.  Spruce, 
balsam  fir,  aspen  and  some  of  the  pines  in 
green  or  water  soaked  condition  are  being  con¬ 
verted  with  disc  refiners  without  any  pre¬ 


treatment  at  all.  Power  consumption  on  the 
above  varies  from  30  to  12  hp.  days  per  ton. 

A  Bauer  pulper  will  therefore  produce  10  to 
25  tons  per  24  hours  with  an  input  of  300  hp. 

Cooking  Equipment 

For  cooking  the  wood,  rotary  or  stationary 
digesters  may  be  used.  The  rotaries  are  most 
common  and  range  in  size  from  12  to  18  feet 
in  diameter.  A  1 6-foot  globe  rotary  will  hold 
8  cords  of  chips.  Birch,  a  heavy  hardwood,  can 
be  cooked  to  a  yield  of  85  percent  at  the  rate 
of  10  cycles  per  day  or  a  capacity  for  the  16- 
foot  digester  of  125  tons. 

Forming  Methods 

There  are  several  types  of  machines  for  con¬ 
tinuously  forming  insulation  board.  They  arc 
namely  the  double  cylinder  type  of  machines, 
the  single  cylinder  type,  and  the  fourdrinier 
type. 

The  two-cylinder  machine  was  one  of  the 
earliest  successful  machines  in  commercial  oper¬ 
ation.  A  large  wire-covered  cylinder  6  or  8  feet 
in  diameter  is  supported  in  a  vat  with  a  similar 
cylinder  supported  above  it  at  an  angle  of 
about  45°  also  dipping  into  the  vat,  material 
from  which  is  carried  upward  to  form  a  con¬ 
siderable  hydraulic  head  on  the  two  cylinders. 
Half  of  the  finished  sheet  is  formed  on  each 
cylinder  and  the  two  parts  are  pressed  into  one 
board  on  leaving  the  nip  of  the  cylinders.  The 
board  then  goes  to  a  press  section  before 
drying. 

The  single-suction  cylinder  picks  up  the 
sheet  by  vacuum  created  by  a  barometric  leg 
and  a  vacuum  pump.  Consolidation  of  the  sheet 
is  assisted  by  means  of  press  rolls  mounted  on 
top  of  the  cylinder  mold.  The  board  then  goes 
to  a  press  section  before  being  dried. 

The  fourdrinier  forming  machine  is  some¬ 
what  similar  to  the  conventional  fourdrinier 
except  that  the  forming  and  press  sections  are 
combined.  One  wire  passes  over  the  board 
forming  section  through  the  presses  so  that  the 
board  is  undisturbed  before  going  to  the  dryer 
A  top  wire  or  felt  is  used  on  the  press  section. 

The  press  section  for  continuous  forming 
machines  will  vary  considerably  depending  on 
the  draining  characteristics  of  the  sheet  and  the 
speed  desired.  The  number  of  presses  may  vary 
from  two  to  ten  and  may  be  either  plain  or 
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suction  on  top  or  bottom  or  both.  Suction 
slices  may  be  placed  in  back  of  the  presses  to 
remove  the  pond  of  water  accvunulated  there. 
Spring  or  pneumatic  loading  may  be  used. 
Press  sections  may  be  non-cantilevered  or  fixed 
or  adjustable  cantilevered.  Presses  are  equipped 
with  stops  to  regulate  clearances  between  the 
rolls.  Fig.  1  and  Fig.  2  illustrate  possible  varia¬ 
tions  in  press  sections. 


of  course,  a  medium  wherein  the  greatest  per¬ 
centage  of  the  fibers  can  be  approximately  of, 
the  same  length.  Development  of  the  fiber  must 
be  to  such  a  degree  that  the  board  possesses 
the  necessary  strength  characteristics  commen¬ 
surate  with  the  desired  draining  qualities  and 
bulk  factors.  Appearance  of  the  board  itself  is 
also  quite  important.  In  the  examples  shown, 
one  method  frees  up  the  normal  groundwood 


Fig.  1. — Elevation  of  170-inch  wallboard  machine  used  for  insulation-board  manufacture. 


Fig.  2. — Elevation  of  120-inch  wallboard  machine  used  for  insulation  board  manufacture. 


Drying  Methods 

Owing  to  the  thickness  of  the  board  it  must 
be  dried  in  a  flat  condition  and  four  different 
methods  -are  used.  These  are  (a)  multiple-deck 
hot  platen  driers,  stationary,  (b)  multiple-deck 
hot  platen  driers  moving,  (c)  tunnel  driers,  and 
(d)  multiple-deck  continuous  roller  drier.  The 
last  type  of  drier  is  most  widely  used  in  this 
country. 

Flow  Diagrams  of  Wallboard  Systems 

Fig.  3  illustrates  three  typical  set-ups  for  the 
manufacture  of  insulation  board  in  this  coun¬ 
try.  For  production  of  good  quality  board  at  a 
fair  rate  of  speed  it  is  essential  that  the  fiber 
mixture  consist  of  a  mixture  of  long  fibers  for 
structure  and  ease  in  drainage  and  short  fibers 
for  the  strengthening  characteristics.  There  is, 


furnish  with  some  long  fibered  Asplund  fiber.  In 
another  method  this  freeing  up  of  the  ground- 
wood  pulp  is  accomplished  by  using  Bauer- 
refined  stock.  The  third  method  uses  an  admix¬ 
ture  of  Asplund  fiber  and  Bauer  stock  refined 
to  different  degrees  and  freenesses. 

Hardboard  Manufacture 

Within  the  past  few  years  there  has  been 
considerable  interest  shown  in  the  manufacture 
of  hardboard  in  this  country  and  abroad.  Part 
of  this  is  due  to  the  recent  expiration  of  cer¬ 
tain  basic  patents. 

There  are  numerous  processes  for  the  produc¬ 
tion  of  hardboard  as  such.  Some  of  these  utilize 
some  form  of  binder  and  as  a  base  material 
sawdust,  shavings  or  fiber  produced  by  other 
than  attrition  mills.  These  are  so  called  "dry 
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Fig.  3. — Flow  diagrams  of  insulation-board  mills. 
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processes”  in  that  the  material  to  be  molded  is 
spread  into  the  molding  trays  as  a  dry  mix  and 
not  suspended  in  a  water  medium.  There  are 
numerous  variations  of  this  "dry  process”, 
which  will  not  be  discussed  at  this  time. 

Hardboard  as  it  is  popularly  known  on  the 
market  is  commercially  produced  by  two  meth¬ 
ods.  These  two  methods  are  similar  in  most  of 
the  steps  of  manufacture. 

Wet  Process  Hardboard 

In  this  method  of  manufacturing  hardboard 
(see  Fig.  4)  the  fibrous  mat  formed  by  drain¬ 
ing  a  fiber  suspension  in  water  is  pressed  in  a 
heated  platen  press  while  still  containing  about 
50  percent  water.  Pressures  used  vary  from  425 
to  850  psi.  depending  on  the  type  of  wood 
used.  It  is  customary  to  use  a  high  pressure  for 
the  first  part  of  the  pressing  cycle  and  then 
decrease  it  during  the  latter  part.  Tempera¬ 
tures  used  approximate  350°  to  400°  F.  Time 
for  a  complete  cycle  will  vary  slightly  but  will 
approach  15  to  20  minutes. 

The  wet  process  for  making  hardboard  was 
originated  by  Mr.  Mason  approximately  25 
years  ago.  The  Masonite  Company  utilizes  a 
process  for  producing  fiber  that  involves  high 
pressure  steam  treatment  followed  by  a  quick 
release  of  pressure.  Both  hardwoods  and  soft¬ 
woods  are  used  and,  though  usually  barked, 
may  be  used  with  the  bark.  The  five-foot  bolts 
of  wood  are  chipped  into  pieces  approximately 
%  inch  square  and,  after  being  screened,  are 
fed  into  a  battery  of  20 -inch-caliber  guns.  A 
gun  is  filled  and  closed  and  steam  admitted 
until  the  pressure  registers  1,000  psi.,  equiva¬ 
lent  to  550°  F.  or  285°  C.  After  being  held 
at  this  point  for  a  few  seconds  the  bottom 
valve  of  the  gun  is  opened  and  the  chips  ex¬ 


ploded  against  a  target  into  a  brown  flufiy  mass 
of  fiber.  Entering  a  cyclone  the  steam  is  let  off 
and  condensed  and  the  exploded  fiber  falls 
into  a  stock  chest  where  it  is  mixed  with  water 
and  pumped  through  washers,  refiners  and 
screens.  Forming  is  accomplished  on  a  four- 
drinier-type  machine  after  which  the  board 
passes  between  roll  presses  and  then  into  a 
platen  press  for  final  pressing.  The  end  prod¬ 
uct  is  very  sensitive  to  the  steaming  time,  which 
is  dependent  on  the  type  of  wood  and  the  size 
and  moisture  content  of  the  chips. 

Other  common  methods  for  making  fiber  for 
hardboard  are  by  use  of  the  Asplund  Defibrator 
followed  by  a  refiner  or  by  use  of  the  Bauer 
refiner  preceded  by  a  cook  of  some  sort.  Ton¬ 
nages  and  degree  of  fiber  reduction  can  be 
varied  by  varying  disc  setting  and  cooking  time. 

Methods  for  forming  the  hardboard  mat  arc 
continuous-forming  by  means  of  the  fourdrinier 
former  or  the  suction  cylinder,  and  batch  form¬ 
ing  in  large  sheet  molds.  This  latter  method  of 
forming  is  usually  adapted  to  lower  tonnages 
than  is  the  continuous  system.  The  wet  batch 
process  for  hardboard  as  used  on  the  West 
Coast  is  known  as  the  Chapman  Process  and  the 
major  steps  are  shown  in  Fig.  5. 

Pressing  of  the  wet  mat.  in  the  continuous 
system  is  accomplished  by  means  of  a  series  of 
roll  presses,  some  of  which  may  be  suction  rolls. 
Pressing  of  the  mat  formed  by  the  batch  method 
is  usually  done  with  a  platen  press.  Pressing 
of  the  wet  hardboard  sheet  does  not  present 
much  difficulty  as  the  fibrous  mat  is  quite  free 
and  loses  water  readily.  Fig.  6  shows  a  typical 
machine  for  forming  and  pressing  hardboard. 

After  pressing,  wet  process  hardboard  made 
by  the  continuous  system  is  cut  into  suitable 
lengths  and  is  moved  into  a  press  loader.  This 
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Fig.  4. — Flow  diagram  of  wet  process  for  hardboard. 
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Fig.  6. — Elevation  of  64-inch  hardboard  machine. 


IS  a  multi-deck  rack  with  the  number  of  open¬ 
ings  corresponding  to  the  number  of  openings 
in  the  platen  press.  In  the  wet  process  this  is 
usually  a  20-opening  affair. 

By  one  method  of  loading  the  cut  boards 
move  automatically  into  the  various  decks  of  a 
stationary  rack  by  means  of  a  tipple  arrange¬ 
ment.  When  this  rack  is  loaded  the  boards  are 
moved  simultaneously  into  a  movable  interme¬ 
diate  rack  which  has  been  connected  to  the 
stationary  rack.  This  movable  rack  after  being 
filled  is  moved  to  the  press  and  the  boards 
transferred  in  one  operation  into  the  press. 

By  another  method  of  loading  the  rack  be¬ 
ing  loaded  from  the  machine  is  elevated  a  deck 
at  a  time  until  it  is  filled.  The  boards  are  then 
moved  simultaneously  into  the  open  press. 

Because  it  is  consolidated  while  it  is  wet,  wet 
process  board  requires  a  screen  on  one  side  of 
it  so  that  in  drying  the  steam  generated  may 
escape.  This  leaves  a  permanent  wire  mark  on 
one  side  of  the  board.  Stock  prepared  for  wet 
process  board  is  free  enough  to  permit  this 
escape  of  steam  during  pressing.  Thus  it  is  un¬ 
necessary  to  refine  the  fibers  to  the  degree 
required  for  insulating  board. 

Dry  Process  Hardboard 

Stock  for  hardboard  by  the  dry  prcKess  may 
be  prepared  somewhat  similarly  to  that  pre¬ 


pared  for  wet  process  board.  The  fibrous  mat 
is  formed  and  pressed  in  the  same  manner  as 
by  the  wet  process.  However,  unlike  the  wet 
process  the  board  for  the  dry  process  is  passed 
through  a  long  drier  and  dried  to  bone  dryness 
or  nearly  so  before  it  is  placed  in  the  platen 
press  for  consolidation  into  hardboard.  The 
product  before  pressing  is  similar  in  appear¬ 
ance  to  insulation  board.  Pressures  for  dry 
process  board  are  usually  higher  than  for  wet 
process  board  (1,000  to  1,500  psi.)  as  are  the 
temperatures,  300®  to  450®  F.  TTie  pressing 
cycle  is  considerably  less  as  it  is  possible  to 
consolidate  the  board  in  as  small  a  time  interval 
as  1^  minutes.  Usual  pressing  cycles  are  21/^ 
to  3  minutes. 

Dry  process  hardboard  is  smooth  on  both 
sides  as  both  of  the  press  platens  or  caul  plates 
used  are  smooth.  Fiber  prepared  for  dry  process 
board  is  usually  refined  to  a  higher  degree  than 
for  wet  process  board  to  allow  for  easier  han¬ 
dling  of  the  unconsolidated  board.  The  qualit)’ 
of  the  pressed  board  depends  on  the  quality  of 
the  unpressed  board.  ' 

The  amount  of  unreclaimable  trim  from 
board  made  by  the  dry  process  is  about  3  per¬ 
cent  less  than  for  the  wet  process. 

While  dry  process  board  requires  a  drier  for 
making  the  board,  because  of  the  shorter  press- 
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ing  qrcle  a  press  with  fewer  openings  is  re¬ 
quired  than  is  used  for  the  wet  process.  Load¬ 
ing  and  unloading  equipment  also  is  usually 
not  as  complicated  or  costly. 

Humidifier 

In  addition  to  equipment  previously  de¬ 
scribed  it  is  essential  in  hardboard  manufac¬ 
ture  to  provide  a  chamber  wherein  the  board 
which  is  bone  dry  after  pressing  may  be  humidi¬ 
fied  to  a  moisture  content  of  5  to  6  percent 
before  being  packaged.  Unless  this  is  done  the 
dry  board  tends  to  warp  unevenly  as  it  picks 
up  moisture  from  the  air. 

There  is  no  standard  method  for  humidify¬ 
ing  the  board.  One  method  consists  of  unload¬ 
ing  the  boards  from  the  press  into  buggies 
where  they  are  placed  on  end  with  spacers  be¬ 
tween.  Each  buggy  should  contain  a  multiple 
of  the  number  of  openings  in  the  press.  The 
humidifier  consists  of  a  tunnel  with  tracks  to 
guide  the  buggies  full  of  board.  To  prevent 
the  humidifier  from  being  excessively  long  the 
tunnel -may  be  wide  enough  to  accommodate, 
for  example,  two  or  three  pairs  of  tracks  in 
parallel.  It  is  convenient  to  have  some  sort  of 
puller  mechanism  so  that  the  full  line  of  bug¬ 
gies  can  be  moved  forward  one  buggy  at  a 
time  as  they  are  periodically  loaded  from  one 
end  and  unloaded  from  the  other. 

One  company  has  an  open  tunnel  with  roll¬ 
ers  along  the  bottom  and  wire  spacers  running 
lengthwise  of  the  tunnel  about  30  inches  above 
the  rollers.  Boards  are  loaded  on  edge  on  the 
rollers  two  boards  to  a  space.  The  rollers  carry 
the  board  along  slowly  aad  they  are  unloaded 
by  hand  at  the  far  end.  Both  ends  of  the  hu¬ 
midifier  ace  open  and  air  is  circulated  upwards 
and  downwards  between  the  boards.  The  air 
is  humidified  in  equipment  either  on  top  of 
the  humidifier  or  beneath  the  floor. 

Obviously  a  continuous  roller  deck  humidi¬ 
fier  would  be  ideal.  However,  with  humidifica¬ 
tion  running  from  4  to  6  hours  this  would  be 
a  rather  lengthy  and  expensive  piece  of  equip¬ 
ment.  For  a  very  large  production  though  a 
humidifier  of  this  type  might  be  feasible. 
Boards  could  be  fed  directly  from  the  press 
into  the  humidifier  with  only  a  transfer  in 
between. 

In  the  normal  humidifier  the  relative  humid¬ 
ity  is  on  the  order  of  80  to  85  percent.  The 


higher  the  temperature  the  more  rapid  is  the 
rate  of  humidification.  However,  temperatures 
too  high  present  operating  problems  not  en¬ 
countered  in  the  lower  range.  It  has  been  found 
practical  to  humidify  at  temperatures  of  100“ 
to  120®  F. 

Heat  Treating 

Heat  treating  of  hardboard  has  been  found 
practical  to  increase  strength.  The  method  heat 
treating  may  be  similar  to  that  for  humidifying 
except  that  moisture  is  absent.  Temperatures  of 
120®  to  140®  C.  for  4  hours  has  been  found 
to  increase  the  strength  of  wet  process  board 
about  25  to  30  percent. 

Tempering 

For  some  uses  it  has  been  found  advisable 
to  "temper”  the  hardboard.  This  tempering  is 
accomplished  by  adding  a  resin  or  oils  such  as 
linseed,  tung,  soy  bean  or  tallol.  This  additive 
may  be  combined  with  the  pulp  in  the  form  of 
an  emulsion  or  the  boards  may  be  dipped  into 
tanks  containing  it.  The  impregnated  board  is 
heat  treated  in  hot  air  chambers  and  care  must 
be  exercised  due  to  the  fire  hazard. 

Combination  Plant 

It  may  be  advisable  in  some  locations  due  to 
the  available  market  to  consider  a  plant  in 
which  it  is  possible  to  make  both  softboard  and 
hardboard.  Thus  when  the  demand  is  low  for 
hardboard,  the  plant  can  be  used  for  making 
softboard  or  vice  versa.  One  such  combination 
plant  is  shown  in  Fig.  7. 

As  in  the  manufacture  of  soft  or  insulation 
board  it  is  necessary  to  use  a  drier,  such  a  plant 
is  equipped  to  manufacture  hardboard  by  the 
dry  process.  Investment  in  a  combination  plant 
is,  of  course,  not  too  much  higher  than  for  a 
plant  equipped  to  make  either  the  hard  or  soft 
product. 

Plant  and  Process  Considerations 

In  planning  any  type  of  mill  for  the  manu¬ 
facture  of  board  there  are  a  number  of  impor¬ 
tant  considerations. 

The  available  and  future  market  is,  of  course, 
the  prime  consideration  in  planning  for  a  mill. 
It  is  of  no  avail  to  make  a  good  product  unless 
it  can  be  sold.  The  number  of  uses  for  both 
soft  and  hardboard  is  being  materially  in- 
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Fig.  7. — Flow  diagram  of  combi- 
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creased  and  we  may  expect  them  to  continue  to 
increase  as  the  methods  for  treating  and  con¬ 
verting  improve.  A  better  product  and  lower 
cost  of  manufacture  will  also  permit  these 
products  to  compete  with  existing  products  used 
for  similar  purposes. 

Type  and  Continuity  of  Raw  Material 

The  available  raw  material  is  a  major  con¬ 
sideration  in  selecting  stock  preparation  equip¬ 
ment  for  making  board.  Also,  it  must  be  cer¬ 
tain  that  the  mill  once  established  will  not  soon 
lack  for  easily  available  raw  material  within  the 
price  range  which  will  enable  it  to  make  and 
sell  board  competitively.  The  amount  of  this 
raw  material  will  also  be  of  major  importance 
in  deciding  the  size  of  mill  to  be  built. 

Cost  Consideration 

Available  capital,  of  course,  will  determine 
to  a  large  extent  the  size  and  type  of  board 
plant  to  be  built.  Some  types  of  plants  will  re¬ 
quire  a  heavier  investment  than  others.  This 
initial  outlay,  however,  should  be  balanced 


Discussion 

Mr.  E.  D.  Marshall  (Texas  A  &  M  Col¬ 
lege)  :  I  realize  that  it  is  difficult  to  qualify  the 
word  "small”  in  your  paper  on  small  plant 
set-up  for  insulation  and  hardboard  manufac¬ 
ture.  However,  under  existing  economic  condi¬ 
tions,  what  is  your  estimate  of  a  minimum  in¬ 
vestment  to  set  up  a  small  plant  for  insulation 
board  and  hardboard? 

Mr.  DePan:  It  depends  on  the  size  and  elab¬ 
orateness  of  the  .process  and  equipment  con¬ 
templated  to  be  able  to  quote  on  plant  invest¬ 
ment.  It  will  vary  considerably. 

Mr.  A.  Elmendorf  (Elmendorf  Research 
Inc.):  What  is  the  average  life  of  screen  on 
the  hardboard  machine? 

Air.  DePan;  The  life  depends  on  the  angle 
of  rolls  or  return  angle  of  the  wire  plus  drag 
on  the  suction  boxes.  A  good  average  is  six 
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against  the  overall  cost  of  making  board  after 
the  plant  is  built. 

Power  supply  should  be  ample  and  power 
rates  should  be  low  enough  to  permit  this  por¬ 
tion  of  board  cost  to  be  in  balance.  Cost  of 
power  is  also  important  in  determining  the  type 
of  equipment  to  be  used. 

Cost  of  labor  is  a  large  percentage  of  the 
expense  of  manufacturing  board.  Processes 
should  be  planned  to  operate  with  a  minimum 
of  labor.  This  labor  cost  will  set  to  a  large 
extent  the  size  of  mill  as  labor  costs  for  low 
tonnage  mills  are  usually  higher  than  for  the 
higher  tonnage  plants.  Maintenance  of  equip¬ 
ment  is  a  large  factor  in  computing  labor' costs. 

Other  Factors 

Availability  and  type  of  labor,  distance  to 
markets  and  other  minor  considerations  should 
be  given  careful  study  before  a  plant  is  built 
for  making  board.  As  in  other  paper  mill  type 
operations  the  plant  once  established  should 
prove  to  be  a  permanent  one  if  the  present 
growth  rate  of  soft  and  hardboard  usage  is  a 
satisfactory  criterion. 


months  for  the  top  wire;  and  two  to  three 
months  for  the  bottom  wire. 

Mr.  C.  C.  Heritage  (Weyerhaeuser  Timber 
Company) :  Will  you  elaborate  on  the  benefits 
of  suction  presses  versus  plain  presses? 

Mr.  DePan:  You  get  a  better  board  with  suc¬ 
tion  press,  less  possibility  of  board  distortion 
and  more  versatility  of  operation. 

Mr.  L.  A.  Mueller  (Northern  Rocky  Moun¬ 
tain  Range  and  Experiment  Station) :  I  would 
like  to  hear  Mr.  DePan  discuss  what  he  feels 
would  be  approximately  the  minimum  size 
plant  he  considers  economic  in  terms  of  square 
footage  of  output. 

Mr.  DePan:  This  depends  on  operating  costs 
and  the  type  of  market  in  which  the  board  com¬ 
petes.  A  rough  estimate  for  normal  hardboard 
would  be  a  minimum  of  50,000  square  feet  per 
day. 
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Manufacture  of  Consolidated  Products  From 
Wood  Residues 

M.  D.  Macdonald 

Wood  Technologist,  Oregon  Forest  Products  Laboratory,  Corvallis,' Oregon 

With  the  use  of  modern  synthetic-resin  binders  and  through  the  exercise  of  proper  process  controls,  wood 
residues  suth  as  |>laner  shavings  can  be  consolidated  into  board  products,  molded  shapes,  die-pressed  materials, 
and  other  useful  items.  The  purpc^  of  this  report  is  to  provide  information  that  may  prove  helpful  to  persons 
or  organizations  who  wish  to  utilize  wood  residues  as  raw  material  in  the  manufacture  of  such  produas. 
Information  and  data  that  sne  presented  are,  by  virtue  of  the  scope  of  the  problem,  limited  in  nature.  Only 
one  type  of  wood  residue  in  combination  with  one  type  of  resin  binder  is  considered  in  detail.  It  may  be 
assumed,  however,  that  the  experiencw  and  techniques  reported  herein  will  apply  also  to  pro(e:.>*s  and  mate¬ 
rials  that  are  similar,  though  not  identical  in  nature  with  those  examined. 


A  VARIETY  of  end  products  can  be  manu¬ 
factured  from  wood  residues  if  the  rec- 
^  ommendations  in  this  report  are  fol¬ 
lowed.  Flat  board  materials,  molded  shapes, 
die-pressed  shapes,  and  laminated  products 
(using  resin-bound  wood  particles  as  a  core) 
can  be  fabricated  so  as  to  encompass  a  wide 
range  of  density,  strength,  water  resistance, 
shape,  and  appearance.  Not  all  of  the  forego¬ 
ing  possibilities  are  described  in  detail,  but  suffi¬ 
cient  information  is  provided  to  enable  intelli¬ 
gent  consideration  of  those  factors  that  might 
be  involved  in  the  manufacture  of  any  one  of 
the  items. 

Wood  as  a  Raw  Material 

Requirements  for  fabricating  a  board  product 
by  means  of  a  dry  process  technique,  using  a 
thermosetting-resin  binder,  are  such  that  the 
nature  of  the  wood  particles  used  is  not  critical. 
The  product  described  in  this  report  is  a  dry- 
process  board  and,  in  view  of  the  foregoing, 
planing  mills  and  wood  fabricating  plants  may 
be  regarded  as  satisfactory  sources  of  wood  raw 
material.  Consideration  must  be  given,  how¬ 
ever,  to  the  fact  that  before  a  supply  of  suit¬ 
able  wood  particles  can  be  manufactured  into 
uniform  resin-bound  board  products,  it  must 
have,  regardless  of  source,  a  constant  moisture 
content  and  must  be  composed  of  particles  that 
are  consistent  in  range  of  size. 

Moisture  content  should  be  controlled  at 
about  4  percent.  This  caii  be  accomplished 
through  the  use  of  standard  drying  equipment. 
Devices  that  are  suitable  for  drying  shavings 
and  similar  materials  are  available  and  are 


capable  of  drying  these  materials  to  any  desired 
value  from  an  initial  moisture  content  that  may 
be  above  the  fiber-saturation  point.  It  is  not  too 
difficult  to  dry  materials  of  this  type  since  the 
amount  of  surface  area  exposed  to  the  con¬ 
trolled  drying  atmosphere  is  large  in  relation  to 
the  total  volume  of  each  piece.  A  higher  or 
lower  moisture  content  value  might  be  as  satis¬ 
factory  as  the  prescribed  optimum  of  4  percent, 
provided  it  is  held  constant,  and  provided  cor¬ 
rection  is  made,  during  the  operation  of  resin 
coating,  for  the  amount  of  moisture  in  the 
wood  particles.  Factors  which  determine  the 
amount  of  moisture  that  can  be  tolerated  in  a 
mat  are  associated  largely  with  the  operation  of 
hot-pressing;  these  will  be  described  more  fully 
in  subsequent  discussion. 

Wood  particles,  unlike  wood  fibers,  have  lit¬ 
tle  if  any  ability  to  hold  together  mechanically 
when  consolidated  into  a  mat.  As  a  result,  the 
physical  strength  of  a  board  made  from  wood 
particles  is  dependent  on  the  quality  of  surface 
bond  that  exists  between  individual  particles. 
An  exception  to  this  is  the  fact  that  a  small 
amount  of  mechanical  strength  is  imparted  to 
boards  made  from  fibrous  particles,  such  as  the 
long  curled  shavings  produced  by  some  types 
of  stickers  and  planers. 

Since  strength  is  dependent  on  adhesion  of 
particles,  it  is  important  to  apply  binder  resins 
so  that  they  provide  maximum  surface  cover¬ 
age.  The  ultimate  objective  should  be  to  cover 
the  entire  surface  area  of  each  particle  with  an 
optimum  amount  of  binder,  so  that  satisfactory 
physical  characteristics  can  be  developed  in  the 
end  product.  Thin  coatings  of  resin  provide  a 
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bond  that  in  most  cases  has  less  strength  than 
wood  material  itself.  Heavy  coatings  are  waste¬ 
ful  because  of  the  fact  that  the  strength  of  a 
bond  is  not  improved  by  the  presence  of  thick 
films.  Also,  excessive  resin  binder  will  tend  to 
be  absorbed  by  the  wood  particles.  This  exces¬ 
sive  resin  does  not  contribute  properties  that 
are  commensurate  with  the  additional  cost.  The 
amount  of  binder  required  to  provide  an  opti¬ 
mum  coverage  is  influenced  by  the  size  of  the 
particles.  A  given  quantity,  by  weight,  of  large 
wood  particles  has  considerably  less  aggregate 
surface  area  to  be  covered  with  resin  than  a 
comparable  quantity  of  small  particles. 

Considerable  leeway  is  possible  in  determin¬ 
ing  an  optimum  size  range  of  particles.  Mate¬ 
rials  like  sawdust  have  the  disadvantage  of 
possessing  large  surface  areas  per  unit  volume, 
thus  requiring  excessive  quantities  of  resin  in 
order  to  establish  desirable  strength  values. 
Very  large  particles  introduce  problems  of  re¬ 
sistance  to  densification  under  pressure.  It  is 
also  difficult  to  coat  their  entire  surface  area 
with  binder.  Exploratory  investigation  has 
given  indication  that  moderate  particle  sizes 
are  most  satisfactory.  An  exact  range  has  not 
been  established,  but  an  acceptable  classification 
should  include  material  that  will  have  a  mini¬ 
mum  mesh  size  of  0.05  inch  and  a  maximum 
mesh  size  of  0.25  inch. 

Resin  Binders 

Physical  characteristics  of  resin-bound  mate¬ 
rials  are  derived  from  the  quantity  and  quality 
of  binder  that  is  used  in  their  manufacture. 
The  quantity  of  resin  binder  used  is  expressed 
as  a  percentage  of  the  total  weight  of  the  final 
product.  In  most  cases,  this  value  is  determined 
on  the  basis  of  solids  content  of  the  resin 
under  consideration. 

A  study  of  the  effect  of  variation  of  resin 
content  constituted  one  of  the  major  experi¬ 
mental  activities  incident  to  this  report.  It  was 
found  that  a  board  of  acceptable  quality  could 
be  made  with  a  resin  content  of  about  2.5  per¬ 
cent.  Progressive  depreciation  of  strength,  water 
resistance,  and  other  physical  characteristics  took 
place  as  resin  content  was  decreased  to  2.0  per¬ 
cent  and  lower.  Improvement  of  physical  quali¬ 
ties  was  realized  when  resin  percentages  were 
increased  above  2.5  percent.  Improvement 
tapered  oflF  rapidly  as  higher  resin  percentages. 


in  the  vicinity  of  6  percent  and  greater,  were 
used. 

With  the  range  in  particle  size  used  in  this 
experimental  work,  a  resin  content  of  2.5  per¬ 
cent  appeared  to  give  a  complete  surface  coat¬ 
ing  of  each  individual  particle  with  resin. 
Therefore,  virtually  no  voids  or  areas  without 
interfacial  bonding  of  contacting  particles  ex¬ 
isted  in  the  finished  product.  At  binder  values 
of  less  than  2.5  percent,  voids  did  exist; 
strength  was  reduced  and  transfer  of  moisture 
was  facilitated  between  particles.  As  resin  per¬ 
centages  were  increased  above  2.5  percent,  each 
particle  received  a  thicker  coating  of  binder, 
which  resulted  in  improved  adhesion  between 
particles  and  was  manifested  in  an  improved 
board  product.  As  resin  content  was  further 
increased,  the  maximum  strength  of  the  resin 
itself  was  approached,  with  the  result  that  im¬ 
provement  tapered  off. 

Satisfactory  application  of  low  percentages 
of  liquid  resin  mixtures  to  dry  wood  particles 
cannot  be  accomplished  by  means  of  mechan¬ 
ical  mixing.  High  resin  concentrations  are  usu¬ 
ally  produced  at  the  point  of  introduction  of 
the  resin  to  the  mix,  while  succeedingly  smaller 
amounts  of  resin  in  the  material  surrounding 
the  areas  of  high  concentration  serve  to  con¬ 
tribute  to  a  lack  of  uniform  distribution.  The 
hygroscopic  nature  of  dry  wood  aggravates  this 
situation  by  absorbing  moisture  from  the  resin 
mixture,  thereby  retarding  resin  diffusion  to  all 
wood  particles.  Also,  wood  particles  in  the  re¬ 
gion  of  high  resin  concentration  become  thor¬ 
oughly  impregnated  with  resin,  which  is  not 
necessary  or  desirable  from  the  standpoint  of 
obtaining  maximum  physical  properties  in  the 
end  product. 

At  the  outset  of  this  investigation,  it  became 
necessary  to  develop  a  means  of  coating  par¬ 
ticles  in  such  a  manner  as  to  avoid  the  short¬ 
comings  of  mechanical  mixing.  An  apparatus 
based  on  the  principle  of  spray  coating  par¬ 
ticles  as  they  are  suspended  in  air  was  ulti¬ 
mately  developed  to  fill  the  need.  Details  of 
this  apparatus  are  described  in  the  discussion 
of  equipment. 

A”  technique  of  spray  coating  was  developed 
that  permitted  independent  control  of  both 
moisture  application  and  resin  application.  Be¬ 
cause  of  this  feature,  it  was  possible  to  process 
material,  within  the  physical  limits  of  the  ap- 
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paratus,  to  any  value  of  moisture  content  and 
resin  content  that  might  be  specified.  The  use 
of  water-soluble  phenol  formaldehyde  resin  was 
necessary  in  order  to  provide  this  control.  Vari¬ 
ous  mixtures  of  resin  and  water,  on  a  volume 
basis,  ranging  from  1  part  of  water  with  2 
parts  of  liquid  resin,  to  as  much  as  4  parts  of 
water  and  1  part  of  liquid  resin,  were  used, 
depending  on  the  moisture  content  and  resin 
content  desired  for  the  coated  particles. 

Pressing 

Attainment  of  desired  physical  characteristics 
in  a  product  made  by  consolidating  mixtures  of 
resin  and  wood  particles  is  as  dependent  on  the 
technique  and  condition  of  pressing  as  it  is  on 
the  nature  of  the  raw  materials  themselves.  In 
virtually  all  cases  where  synthetic  resins  are 
used  as  binders,  pressing  at  elevated  tempera¬ 
tures  and  pressures  is  mandatory.  The  tech¬ 
nique  of  pressing,  in  most  cases,  amounts  to 
establishing  a  proper  correlation  of  time,  tem¬ 
perature,  and  pressure  with  the  type  of  resin 
binder,  type  of  wood  particle,  amount  of  free 
moisture  present,  and  the  desired  end  result. 

Time  and  temperature  requirements  are  in¬ 
terrelated  to  the  extent  that  resin  binders  re¬ 
quire  specific  amounts  of  heat  for  given  peri¬ 
ods  of  time  in  order  to  attain  a  degree  of  con¬ 
densation  (cure)  that  results  in  a  permanent 
bond.  Heat  has  a  catalytic  effect  on  the  rate  of 
condensation  of  all  thermosetting  resins.  There¬ 
fore,  to  realize  cure  throughout  the  thickness  of 
a  consolidated  product,  it  is  necessary  to  reach 
a  predetermined  degree  of  temperature  through¬ 
out  the  layup.  The  recommended  temperature 
for  most  synthetic  resins  is  around  250°  F.  at 
the  midthickness  of  the  material  being  pressed. 
The  time  required  to  reach  the  desired  mid¬ 
thickness  temperature  establishes  the  press  cycle 
time. 

The  amount  of  pressure  that  must  be  applied 
to  a  layup  during  hot  pressing  is  determined  by 
the  qualities  of  stren^h,  density,  and  appear¬ 
ance  required  in  a  finished  product.  Generally 
speaking,  low-pressure  applications  result  in 
low  density,  moderate  to  poor  strength,  and 
poor  moisture  resistance.  These  characteristics 
may  be  altered  to  a  considerable  extent,  how¬ 
ever,  by  the  type  and  amount  of  binder  that  is 
used.  Application  of  high  pressures  results  in 


improved  physical  qualities.  A  range  of  pres¬ 
sure  up  to  200  pounds  per  square  inch  may  be 
considered  low  for  the  production- of  a  hard- 
board  material.  Pressures  ranging  from  200  to 
600  pounds  per  square  inch  are  desirable  for 
most  particle  board  products.  Die-pressed  ma¬ 
terials  have  been  made  from  wood  particles 
with  pressure  applications  reaching  5,000 
pounds  per  square  inch. 

Flat  board  products  that  were  tested  and 
evaluated  comparatively  during  the  conduct  of 
this  investigation  were  pressed  at  standard  con¬ 
ditions  of  300°  F.,  and  300  pounds  per  square 
inch,  for  10  minutes.  Boards  were  cold  flushed 
at  the  end  of  the  press  cycle  as  a  means 
of  avoiding  surface  blisters.  Cold  flushing 
amounted  to  running  cold  water  through  the 
steam  platens  until  they  had  cooled  to  a  point 
below  212°  F. 

The  problem  of  cold  matting  resin-coated 
particles  was  investigated  in  considerable  de¬ 
tail.  Unlike  wet-process  fiber  mats,  dry-process 
wood  material  has  little  if  any  tendency  to  hold 
together  prior  to  the  application  of  external 
pressures.  It  was  found  that  by  adjusting  the 
moisture  content  of  particles  comprising  a  mat 
to  a  value  of  between  10  and  35  percent  of  the 
weight  of  dry  shavings,  preferably  between  18 
and  27  percent,  it  is  possible  to  prepress  the 
mat  cold,  using  relatively  simple  equipment, 
until  it  is  consolidated  sufficiently  to  be  self- 
sustaining,  that  is  it  can  be  handled.  A  pre¬ 
pressed  mat  produced  in  this  manner,  through 
accurate  control  of  moisture  content  values,  may 
be  handled  by  ordinary  methods  and  equipment 
when  cutting  it  into  suitable  lengths,  transport¬ 
ing  it  from  the  felter  to  the  hot  press,  and  in¬ 
troducing  it  into  the  latter. 

The  effect  of  adjusting  moisture  content 
values  of  the  mat  on  its  ability  to  be  cold 
pressed  to  a  self-sustaining  condition  is  illus¬ 
trated  by  the  data  presented  in  Table  1.  These 
data  constitute  the  results  of  tests  conducted  by 
spray  coating  representative  particles  with  2.5 
percent  binder  content,  yet  varying  the  total 
moisture  content  as  indicated.  The  particles 
were  formed  into  mats,  which  were  faced  with 
resin-impregnated  (plastic)  paper,  then  pre¬ 
pressed  cold  over  the  indicated  range  of  pres¬ 
sures.  Self-sustaining  qualities  of  the  prepressed 
mats  were  observed,  the  mats  being  described 
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Table  1. — Relationship  Between  Moisture  Content,  Pressure,  and  Self-Sustaining  Qualities  of 
Mats  Faced  With  Resin-Impregnated  Paper 

Self-sustaining  quality  at  cold  prepressing  pressure^  of 

Moisture  content'  - 

Example  No.  of  uimressed  mat  50  psi.  100  psi.  150  psi.  200  psi.  25A  psi.  300  psi. 


’ercent 


1.... . . .  11 

2  . 15 

3  . - .  19 

4  .  23 

5...- .  27 


■On  oven-dry  basis. 

s-f,  felt  self-sustaining;  — ,  felt  not  self  sustaining. 

as  self-sustaining  if  they  held  together  suffi¬ 
ciently  to  permit  cutting  into  unit  lengths  and 
introduction  into  a  hot  press. 

Felting  of  resin-coated  particles  can  be  accom¬ 
plished  in  a  satisfactory  manner  if  a  continuous 
technique,  as  described  under  Spray  Coating 
Apparatus,  is  used.  Mechanical  mixing  methods, 
on  the  contrary,  usually  make  felting  difficult. 
Regardless  of  technique,  effort  should  be  ex¬ 
erted  to  produce  a  mat  of  uniform  density  and 
thickness.  Failure  to  achieve  this  will  result  in 
serious  consequences  following  final  hot  press¬ 
ing.  A  product  having  nonuniform  density, 
which  in  most  cases  results  from  poor  felting, 
may  have  extreme  variations  in  physical  char¬ 
acteristics  and,  in  all  probability,  it  will  warp 
considerably. 

The  density  of  a  consolidated  board  is  de¬ 
pendent  on  the  amount  of  pressure  applied. 
Other  factors,  such  as  density  of  the  particular 
wood  species  used,  temperature  at  time  of 
pressing,  and  specific  gravity  of  the  resin 
binder,  also  have  an  effect  on  the  final  product. 

Faces 

Although  unfaced  consolidated  board  prod¬ 
ucts  are  attractive  and  possess  satisfactory  phys¬ 
ical  qualities,  the  addition  of  faces  to  both  sur¬ 
faces  generally  results  in  an  improved  product. 
Excellent  results  have  been  obtained  with  resin- 
impregnated  paper,  kraft  paper,  sliced  veneer, 
rotary-cut  veneer,  and  cloth.  It  is  probable  that 
satisfactory  results  could  be  obtained  with  sheet 
plastics  and  thin  metals,  provided  adequate 
surface-bonding  adhesives  are  used.  The  fact 
that  these  materials  can  be  applied  as  faces  at 
the  same  time  that  the  core  material  is  being 
consolidated  under  heat  and  pressure  is  of  par¬ 
ticular  advantage  from  the  standpoint  of  facili¬ 
tating  production. 

Data  presented  in  this  report  are  derived 
largely  from  board  products  that  were  faced 
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with  grade  3000  "Kimpreg”  resin-impregnated 
paper.  Faced  boards  were  studied  because  they 
have  more  practical  industrial  applications  than 
unfaced  boards.  Facings  improved  appearance, 
workability,  and  strength. 

Sliced  and  rotary-cut  veneers  make  extremely 
attractive  faces  for  consolidated  cores.  It  is  pos¬ 
sible  to  produce  a  minimum-cost  product  faced 
with  mahogany,  walnut,  or  other  decorative 
veneers.  These  products,  when  made  in  the 
desired  thickness,  may  be  used  wherever  hard¬ 
wood  plywood  or  lumber  core  stock  is  currently 
being  used.  It  is  mandatory  to  use  a  balanced 
construction  when  veneers  are  used  for  facing. 
Although  it  is  preferable  to  use  a  two-ply  face, 
with  the  grain  of  adjacent  veneers  oriented  at 
right  angles,  a  single  ply  can  be  used. 

Face  materials  must  be  coated  with  adhesive 
on  the  surface  adjacent  to  the  core.  At  low 
resin  contents  there  is  not  a  sufficient  quantity 
of  free  binder  in  the  core  to  provide  adequate 
bonding  of  uncoated  face  material.  Experi¬ 
mental  results  indicate  that  a  sprayed  coating 
of  about  2.5  pounds  of  resin  solids  per  1000 
square  feet  of  veneer  will  provide  adequate 
bonding  between  core  and  face  when  the  core 
resin  content  ranges  from  2.5  percent  upwards. 
Adequate  bonding  of  paper  can  be  obtained 
with  about  the  same  resin  application  as  that 
specified  for  veneer.  Cloth,  on  the  other  hand, 
requires  a  considerably  greater  spread  in  order 
to  provide  sufficient  resin  to  fill  the  interstices 
of  the  material.  This  requirement  will  vary 
with  different  types  of  cloth. 

Steam  accumulation  between  faces  and  core 
composites  presents  a  problem  during  hot  press¬ 
ing.  It  has  been  found  that  resin-impregnated 
papers  and  similar  impervious  face  materials 
are  more  susceptible  to  this  condition  than 
veneers,  fabrics,  and  other  materials  that  allow 
steam  accumulations  to  dissipate  by  diffusion. 
To  overcome  the  difficulties  associated  with  this 
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condition,  heated  platens  should  be  cooled  to 
a  point  well  below  212°  F.  before  hydraulic 
pressure  is  released  from  the  assembly.  Steam 
pockets  are  more  likely  when  platen  pressures 
are  increased.  Experimentation  is  the  only  way 
in  which  to  determine  the  actual  need  of  cold 
flushing.  With  certain  face  materials,  the  rate 
of  escape  of  steam  from  the  assembly  may  be 
sufficient  to  obviate  its  need. 

Die-Shaped  Products 

With  the  use  of  properly  constructed  dies, 
resin-coated  wood  particles  can  be  formed  into 
shapes  of  simple  or  compound  curvatures. 
Products,  such  as  wheels  for  toy  automobiles, 
blank  shapes  for  toys,  coasters  for  glasses,  and 
knife  handles,  can  be  formed  in  plunger-type 
dies.  Other  products  designed  to  conform  to 
simple  curvatures,  such  as  packing  carton  sepa¬ 
rators,  waterfall  shapes  for  furniture,  kitchen 
cabinet  ends,  molded  baseboards  for  home  con¬ 
struction,  cove  molding,  and  clock  cases,  can 
be  readily  made  either  with  or  without  face 
materials. 

To  determine  the  feasibility  of  making  such 
products,  an  experimental  die  was  constructed 
to  produce  coasters  for  glasses.  It  was  found 
that  particles  of  the  previously  described  stand¬ 
ard  mesh  size,  when  coated  with  5  percent 
binder  and  pressed  at'  5,000  pounds  per  square 
inch  at  300°  F.,  produced  a  product  that  had 
high  strength  and  excellent  water  resistance. 
The  wood  particles  used  in  this  investigation 
were  coated  in  such  a  manner  as  to  add  a  mini¬ 
mum  amount  of  moisture.  This  was  done  in 
order  to  avoid  formation  of  high-pressure  steam 
pockets  that  would  doubtless  be  associated  with 
the  high  pressures  that  were  applied.  It  is  not 
essential  to  use  pressures  as  high  as  those  used 
in  this  instance,  but  for  small  unit-sized  items 
a  high  pressure  may  be  desirable  from  the  stand¬ 
point  of  appearance  of  the  finished  item.  Some 
coasters  were  faced  with  printed  rayon  cloth, 
the  results  being  quite  satisfactory  from  the 
standpoint  of  appearance. 

Plunger-type  dies  should  be  constructed  with 
sufficient  clearances  to  permit  the  escape  of 
water  vapor  as  it  diffuses  from  the  material  be¬ 
ing  pressed.  It  may  be  desirable  to  provide  a 
cold  plunger  die  of  rough  dimensions  for  in¬ 
stantaneous  application  of  pressure  to  form  mats 
(or  blanks)  to  be  fed  into  a  more  accurately 


made  heated  die.  In  lieu  of  provision  for  cold 
matting,  sufficient  plunger  travel  should  be 
allowed  in  the  hot  die  to  permit  at  least  a 
l6-to-l  ratio  for  compressing  loose  material 
into  a  consolidated  state.  This  same  compres¬ 
sion  ratio  must  be  allowed  for  in  a  cold  mat¬ 
ting  die.  Variation  of  particle  size  can  affect 
this  ratio  to  a  considerable  extent. 

Products  molded  to  simple  curvatures  and 
faced  with  veneer  or  other  face  materials  can 
be  produced  with  relative  ease  and  economy. 
Experimental  molded  units  were  made  ^  inch 
in  thickness,  with  a  90°  bend  on  a  2-inch 
radius.  Various  units  were  faced  with  Kimpreg 
grade  3000  resin-impregnated  paper,  sliced  ma¬ 
hogany  veneer,  sliced  walnut  veneer,  kraft 
paper,  and  left  unfaced,  all  with  fully  satis¬ 
factory  results. 

Development  of  pressing  technique  enabled 
the  use  of  fixed-center  dies  of  standard  design, 
a  type  generally  used  in  the  manufacture  of 
molded  plywood.  Layups  of  desired  size  were 
prepressed  in  a  manner  identical  with  that  rec¬ 
ommended  for  the  production  6f  flat  board  prod¬ 
ucts.  Self-sustaining  cold-pressed  mats  were 
then  inserted  between  the  opposed  elements  of 
the  die.  Spring  brass  cauls  were  used  on  both 
surfaces  to  provide  retention,  thereby  avoiding 
possibility  of  mat  disintegration  during  the 
period  of  die  closure.  If  veneers  or  other  rigid 
face  materials  are  incorporated  in  a  layup,  the 
use  of  metal  cauls  is  not  necessary. 

Physical  Properties 

Appearance 

Unfaced  products  have  a  unique,  attractive 
surface  appearance  that  might  be  considered 
desirable  for  certain  decorative  or  architectural 
applications.  The  characteristics  of  the  surface 
are  affected  by  the  amount  of  resin  binder  used 
and  by  conditions  of  pressing.  Incorporation  of 
high  percentages  of  phenolic  binder  (roughly 
5  per  cent  or  greater)  results  in  a  decided 
darkening  effect  on  the  color  of  the  wood  par¬ 
ticles;  it  also  produces  a  surface  glaze  that  may 
be  desirable  in  some  instances.  The  effect  of 
pressure  is  manifested  in  compactness  or  hard¬ 
ness  of  the  product.  The  size  of  wood  particles 
used  contributes  to  appearance.  Small  particles 
produce  a  homogeneous-appearing  product, 
while  large  particles  retain  their  individual 
identity,  thereby  producing  an  attractive  design. 
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Modulus  of  Rupture 

Fig.  1  shows  the  range  of  modulus  of  rup¬ 
ture  values  for  various  percentages  of  binder 
content.  The  values  were  obtained  by  testing 
t/^-inch  thick  specimens  in  conformity  with  the 
procedure  outlined  in  Federal  Specification 
LLI-F-311,  Fiberboard,  Hard.  Test  specimens 
were  cut  from  boards  that  were  originally  12 
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Fig.  1. — Modulus  of  rupture  of  spray-coated 
inch  wood  residue  board  faced  with  a  plastic  paper 
and  bonded  with  phenol  formaldehyde  resin. 

inches  square.  Conditions  of  pressing  were 
identical  for  all  specimens;  300  pounds  per 
square  inch  at  300°  F.  for  10  minutes,  fol¬ 
lowed  by  cold  flushing  as  explained  in  previous 
discussion. 

Modulus  of  rupture  values  drop  sharply  with 
resin  binder  contents  lower  than  2  percent.  As 
resin  content  is  increased  above  2  percent, 
strength  values  tend  to  improve  proportionately. 
At  approximately  6  percent,  improvement  in 
strength  tends  to  taper  off.  This  is  attributed  to 
the  fact  that  the  maximum  strength  of  the 
binder  resin  begins  to  affect  the  modulus  of 
rupture  near  this  point. 

The  values  used  to  plot  the  curve  in  Fig.  1 
were  obtained  by  testing  boards  faced  two  sides 
with  Kimpreg  grade  3000  resin-impregnated 
|')aper.  It  was  determined  that  unfaced  boards 
processed  in  an  identical  manner  and  of  the 
same  thickness  had  strength  values  approxi¬ 
mately  20  percent  lower  than  those  shown. 

A  correlation  exists  between  strength  and 
moisture  content  at  time  of  pressing.  From  the 
standpoint  of  obtaining  maximum  strength, 
total  moisture  content  should  be  held  in  the 
vicinity  of  25  percent.  As  moisture  content  de¬ 
creases,  the  modulus  of  rupture  decreases; 


roughly,  a  20  percent  decrease  in  value  of 
modulus  of  rupture  can  be  expected  when  the 
moisture  content  is  at  or  below  12  percent. 

Since  resin  binders  are  costly,  it  is  desirable 
to  determine  a  point  at  which  the  economics  of 
product  manufacture  can  be  balanced  against 
use  requirements.  This  investigation  has  led  to 
the  conclusion  that  a  resin  content  in  the  range 
of  2.5  to  3.0  percent  should  be  considered  as 
an  optimum.  It  is  true  that  improved  strength 
can  be  obtained  with  higher  resin  contents,  but 
the  improvement  is  in  no  way  consistent  with 
the  increased  costs  of  manufacture  that  would 
be  incurred.  Certain  specialty  items  that  bring 
a  high  market  price  may  warrant  the  addition 
of  more  binder  material. 

Water  Absorption:  24-Hour  Immersion 

Specimens  obtained  from  boards  of  identical 
characteristics  as  those  used  in  determining 
modulus  of  rupture  values  were  exposed  to  a 
24-hour  immersion  in  water,  at  72°  F.  Mois¬ 
ture  absorption  by  specimens  having  various 
percentages  of  resin  binder  content  is  shown  in 
Fig.  2.  Percentage  increase  in  board  thickness 
and  percentage  increase  in  board  weight  are 
illustrated.  A  resin-impregnated  face  material 
did  not  materially  affect  the  rate  of  water  ab¬ 
sorption.  Unfaced  materials  can  be  expected  to 
react  a  little  less  favorably  to  the  same  exposure. 

It  should  be  noted  that  at  resin  content 
values  of  less  than  2  percent,  the  rate  of  ab¬ 
sorption  rises  sharply.  Little  if  any  improve¬ 
ment  in  moisture  resistance  is  provided  by  resin 
content  values  in  excess  of  3.5  percent. 


spray-coated  wood  residue  board  14  inch  thick,  faced 
with  plastic  paper  and  bonded  with  phenol  formalde¬ 
hyde  resin. 
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Water  Absorption:  10-Cycle, 

24-Hour  Exposure 

Fig.  3  shows  the  effect  of  alternate  24-hour 
immersion  in  water  followed  by  drying  in  a  12 
percent  equilibrium  atmosphere  at  room  tem¬ 
perature  for  a  total  of  10  complete  cycles. 
Specimens  that  were  subjected  to  this  test  were 
taken  from  the  same  boards  used  to  provide 
samples  for  the  24-hour  immersion  test. 


Fig.  3. — Water  absorption  of  wood  residue  board 
in  24-hour  cyclic  test  (alternate  wet  and  dry  expo¬ 
sure). 


Values  shown  indicate  the  percentages  of 
moisture  absorption  at  the  end  of  each  period 
of  immersion  in  water.  The  effect  of  resin- 
binder  content  on  the  amount  of  water  absorp¬ 
tion  is  readily  discernible  from  the  graphs. 

The  decrease  in  moisture  absorption  percent¬ 
age  in  evidence  between  the  sixth  and  seventh 
cycles  is  attributed  to  the  fact  that  a  48-hour 
drying  period  was  inadvertently  allowed  in  that 
one  instance.  For  some  reason,  the  excessive 
drying  period  resulted  in  a  loss  of  moisture  that 
was  not  picked  up  again  during  the  remainder 
of  the  test  run. 

Visual  inspection  revealed  that  samples  were 
in  fair  to  excellent  condition  at  the  termination 
of  testing.  Samples  with  a  resin-binder  content 
of  2.1  percent  or  more  showed  little  or  no 
breakdown  of  structure.  Those  samples  having 


1.7  percent  resin  content  swelled  more  on  the 
edges  than  at  the  center  regions  of  the  pieces. 

Equipment 

The  procedure  of  making  a  satisfactory  prod¬ 
uct  through  the  combination  of  synthetic  resin 
binders  with  dry  wood  particles  resolves  into  a 
problem  of  properly  combining  the  two  mate¬ 
rials.  As  has  been  shown,  the  application  of 
resin  to  wood  particles  must  be  accomplished 
in  such  a  way  that  homogeneous  coating  of  the 
surface  of  all  particles  is  realized.  At  the  same 
time,  positive  control  of  the  amount  of  mois¬ 
ture  that  is  added  and  the  amount  of  resin  that 
is  applied  must  be  maintained.  Unfortunately, 
these  requirements  exceed  the  limitations  of 
ordinary  methods  of  mixing  ingredients  by  me¬ 
chanical  means.  It  was  found,  however,  that 
satisfactory  coating  could  be  achieved  when 
separated  wood  particles  were  exposed  to  an 
atmosphere  of  sprayed  resin  binder. 

Spray-Coating  Apparatus 

Experimentation  led  to  the  construction  of 
an  apparatus  that  permits  controlled  coating  of 
a  continuous  feed  of  wood  particles.  A  sche¬ 
matic  view  of  this  apparatus  is  shown  in  Fig.  4. 


Fig.  4. — Spray-coating  apparatus  for  coating  par¬ 
ticles  of  wo(^  residue  with  bonding  resin.  1,  Coat¬ 
ing  chamber;  2,  worm  feed;  3,  hopper;  4,  baffles; 
5,  area  of  particle  impingement;  6,  throat  of  coating 
chamber;  7,  spray  nozzles;  8,  chamber  pass-out; 
9,  mat-feed  rolls;  10,  matt  assembly;  11,  conveyor; 
12,  mat;  13,  metal  belt  for  prepressing. 
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It  comprises  a  coating  chamber  (1)  of  suitable 
dimensions,  which  may  be  fabricated  from 
either  wood  or  metal.  The  upper  end  is  pro¬ 
vided  with  means  for  introducing  a  controlled 
and  measured  feed  of  the  wood  material  to  be 
coated  with  binder  and  then  felted  into  a  mat 
and  consolidated.  The  introducing  means  is  a 
variable-speed  worm  feed  (2)  that  is  supplied 
with  material  from  a  suitable  hopper  arrange¬ 
ment  (3). 

Planing-mill  shavings  or  other  refined  wood 
residues  introduced  into  the  chamber  by  the 
worm  feed  tend  to  cling  together  and  form 
aggregates  or  loose  clusters  that  cannot  be  effec¬ 
tively  coated  with  a  liquid  binder  material; 
hence,  means  are  provided  for  disintegrating 
these  particle  masses.  The  separated  particles 
are  entrained  in  a  gaseous  stream  and  subse¬ 
quently  coated  with  liquid  binder.  The  disin¬ 
tegrating  and  entraining  are  accomplished  by 
several  jets  that  supply  air  at  high  velocity  to 
the  upper  portion  of  the  chamber.  The  streams 
of  air  from  the  jets  are  directed  against  the 
material  as  it  feeds  into  the  chamber,  striking 
it  with  sufficient  force  to  separate  the  com¬ 
ponent  particles. 

A  series  of  baffles  (4)  is  strategically  posi¬ 
tioned  so  that  the  entrained  particles  are  divided 
into  opposed  streams  that  impinge  on  one 
another  in  region  (5).  The  impinging  action 
results  in  an  area  of  high  particle  density  and 
low  velocity  directly  over  the  throat  (6)  of  the 
coating  chamber.  At  this  point  the  particles 
fall  at  low  velocity  into  the  coating  chamber, 
where  they  diffuse  evenly  over  the  cross- 
sectional  area  and  are  exposed  to  a  controlled 
atmosphere  of  atomized  resin. 

The  resin  mixture  is  introduced  into  the 
coating  chamber  in  a  direction  counter-current 
to  the  stream  of  falling  particles.  Atomizing 
spray  nozzles  (7)  placed  near  the  bottom  of 
the  chamber  discharge  an  appropriate  combina¬ 
tion  of  compressed  air  and  pressurized  resin- 
water  mixture.  Control  of  the  amount  of  resin 
that  is  atomized  is  obtained  by  adjustment  of 
air  and  mixture  pressures.  The  ratio  of  resin  to 
water  in  the  atmosphere  of  atomized  binder, 
the  factor  that  determines  final  moisture  con¬ 
tent  of  the  coated  particles,  is  adjusted  by  dilut¬ 
ing  the  neat  resin. 


The  rate  of  feed  of  wood  particles  through 
the  apparatus,  when  coordinated  with  the 
amount  of  resin  being  atomized  within  the 
coating  chamber,  determines  the  final  resin  con¬ 
tent  of  the  coated  material.  Careful  adjustment 
of  these  two  variables  is  necessary  to  avoid 
either  partial  coating  of  particles  or  a  condition 
of  excessive  coating  accompanied  by  superfluous 
resin  deposited  on  the  chamber  walls. 

After  being  coated  with  binder,  the  particles 
pass  out  the  bottom  of  the  chamber  (8)  which 
is  open  to  the  atmosphere  and  positioned  above 
an  endless  conveyor  (11).  Coated  particles  de¬ 
posited  on  the  conveyor  are  passed  beneath  a 
picker  roll,  thereby  forming  a  mat  of  density 
and  dimensions  suitable  for  consolidation. 

Face  materials  may  be  introduced  under  the 
discharge  end  of  the  coating  chamber  by  means 
of  the  endless  conveyor  belt.  Paper  or  cloth 
facing  that  has  been  coated  with  a  suitable 
adhesive  on  the  side  that  is  to  be  in  contact 
with  the  deposited  mat  may  be  fed  from  rolls 
(9)  as  indicated.  Other  means  may  be  devised 
for  feeding  veneer  and  similar  face  materials 
that  cannot  be  handled  as  conveniently  as  paper. 
After  a  mat  (12)  has  been  deposited  on  the 
bottom  face,  a  top  face  may  be,  applied  to  com¬ 
plete  the  assembly.  Following  the  introduction 
of  both  faces,  the  assembly  (10)  can  be  pre¬ 
pressed  in  accordance  with  the  recommendations 
of  Table  1,  by  means  of  a  traveling  metal 
belt  (13)  or  some  other  device. 
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Discussiun 

Col.  W.  B.  Greeley  (West  Coast  Lumber¬ 
men’s  Assoc.):  Can  you  provide  an  approxi¬ 
mate  cost  of  a  plant  installation.^ 

Mr.  Macdonald:  A  rough  estimate  for  a 
small  plant  would  be  $50,000  to  $75,000. 

Mr.  H.  J.  Knapp  (Fred  G.  Greaves  Com¬ 
pany)  :  What  types  of  mechanical  mixing 
equipment  have  you  tested? 

Mr.  Macdonald:  Our  mechanical  mixing  was 
done  with  a  rotary  beater.  Equipment  limitation 
prevented  us  from  experimenting  with  other 
types  of  mechanical  mixing  equipment. 

Mr.  Knapp:  Have  you  operated  a  full  width 
spray  tower  suitable  for  producing  a  4-foot 
wide  panel? 

Mr.  Macdonald:  No,  only  experimental 
equipment  (1  foot  in  width)  has  been  oper¬ 
ated — full  scale  equipment  is  rarely  used  in 
laboratory  work. 

Mr.  Knapp:  Have  you  experienced  build  up 
of  resin  on  tower  baffles  during  24  hour  con¬ 
tinuous  operation? 

Air.  Macdonald:  We  have  had  little  trouble 
with  accumulation  of  excess  resins.  Resin  does 
not  get  up  into  baffle  section.  Accurate  correla¬ 
tion  of  resin  mixture  input  with  rate  of  feed  of 
wood  particles  eliminates  superfluous  resin  that 
might  otherwise  be  free  to  accumulate. 

Air.  E.  E.  Harris  (Forest  Products  Labora¬ 
tory)  :  Have  you  tried  urea  resins  for  the  con¬ 
solidated  products?  Are  other  resins  less  satis¬ 
factory  than  phenolic  resins?  What  improve¬ 
ment  do  you  get  with  increased  resin? 

Air.  Macdonald:  We  have  tried  ureas.  We 
think  they  are  comparable  to  phenolics,  but  not 
as  adaptable  to  spray  coating.  Increased  resin 
up  to  10  per  cent  improves  strength  and  water 
absorption  characteristics. 

Mr.  T.  R.  Miles  (Consultant,  Beaverton, 
Ore.) :  What  are  the  dimensional  stability  char¬ 
acteristics  as  compared  to  competitive  materials 
such  as  plywood,  fiberboard,  etc.? 

Air,  Macdonald:  Very  comparable.  A  board 
with  2.5  per  cent  resin  content  and  Yi  •^'ch 
thick  at  .9  specific  gravity  will  increase  8  per 
cent  in  thickness  during  a  24-hour  soak. 

Air.  F.  Hughes  (Fred  Hughes  Laboratory) : 
Were  the  top  sheets  of  special  nature?  What 
was  the  resin  content? 


Air.  Macdonald:  Top  sheets  were  of  "Kim- 
preg” — a  resin  impregnated  paper.  Since  this 
is  a  trade  named  product,  specifications  as  to 
resin  content  are  not  known.  A  small  per  cent 
of  binder  resin  is  added  directly  to  surfaces  in 
order  to  bond  veneers  to  a  residue  core. 
Roughly,  2.5  pounds  of  resin  solids  per  1,000 
square  feet  of  space  material  are  required  for 
adequate  bonding. 

Dr.  J.  d'A.  Clark  (Longview,  Washington) : 
How  do  you  uniformly  distribute  particles  across 
the  take  off  belt  under  the  coating  tower? 

Mr.  Macdonald:  Use  of  a  mechanical  picker 
to  level  the  deposited  mat  has  proven  successful 
in  our  laboratory  trials. 

Mr.  C.  Latimer  (Nickey  Brothers  Inc.): 
Have  you  made  boards  of  relatively  low  density 
suitable  for  furniture  core  stock? 

Air.  Macdonald:  We  have,  but  the  need  for 
higher  resin  content  with  resulting  increased 
cost  makes  the  economics  questionable. 

Air.  H.  Garland  (Mich.  College  of  Mining 
and  Technology) :  Does  your  product  exhibit 
any  difference  in  properties  on  opposite  sides 
due  to  the  method  of  forming? 

Air.  Macdonald:  We  have  not  checked  this 
characteristic  too  closely.  I  would  say,  though, 
that  any  difference  is  of  little  consequence. 

Air.  R.  IF,  Miller  (Simpson  Logging  Com¬ 
pany)  :  Could  the  consolidated  products  be  sta¬ 
bilized,  dimensionally,  to  moisture  by  varying 
the  resin  content  or  using  resins  other  than  the 
phenolic  employed?  It  would  seem  that,  given 
the  material  to  be  formed  in  a  relatively  finely 
divided  and  concentrated  form,  there  would  be 
opportunity  to  do  this  by  resin  treatment. 

Air.  Macdonald:  The  dimensional  stability  is 
effected  by  variation  of  resin  content.  Increased 
resin  gives  greater  stability.  Small  particles,  by 
virtue  of  their  greater  surface  area  per  unit 
volume,  require  higher  resin  content  to  effect  a 
given  stability  or  strength  value.  Of  course,  the 
type  of  resin  is  an  important  consideration. 

Air.  T.  E.  Kelley  (Washington  State  Col¬ 
lege)  :  Cati  results  be  given  of  studies  made  of 
limits  of  maximum  and  minimum  particle  size? 

Air.  Macdonald:  These  studies  were  incom¬ 
plete.  Small  size  particles  require  greater  resin 
content,  large  particles  offer  difficulty  in  densi- 
fying  the  product.  Recommended  particle  size 
is  .05  inch  mesh  to  .25  inch  mesh. 
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Factors  Influencing  the  Marketing  of  Wood 
Particle  Board 

Lester  J.  Carr 

General  Manager,  L.  J.  Carr  and  Company,  Sacramento,  California 


Since  the  production  of  dry-form  wood  particle  board  is  a  new  art  neither  satisfactoiy  quality  standards 
nor  standard  tests  are  established.  A  broad  and  carefully  studied  program  of  advertising  is  essential.  Pricing 
is  dependent  both  on  the  prices  of  competing  materials  and  on  quality  competition.  Dry-form  wood  panicle 
board  offers  large  potential  markets  for  forest  products  residues  now  unused. 


Introduction 

N  A  presentation  of  this  type,  it  is  impos¬ 
sible  for  the  writer  to  give  any  conclusions 
other  than  his  own.  At  the  present  time,  it 
is  believed  that  there  is  no  complete  market 
survey  in  existence  which  would  or  could  cover 
this  subject  as  thoroughly  as  could  be  desired. 
The  term  "wood  particle  board”  could  cover 
the  entire  field  of  wallboard  or  industrial 
boards  produced  from  wood  fibre  in  whatever 
form  that  fibre  might  be.  Since  the  writer’s  ex¬ 
perience  in  the  matter  is  limited  to  a  particular 
type  of  wood  particle  board,  the  information 
presented  herein  is  a  result  of  gathering  infor¬ 
mation  as  it  applied  to  a  particular  type  of 
wood  particle  board. 

Quality  Standards 

The  production  of  a  dry-form  wood  particle 
board  is  still  in  its  infancy,  hence,  no  uniform 
set  of  standards  has  been  adopted.  As  a  result  of 
this  situation,  each  of  the  several  manufacturers 
exploiting  this  particular  field  is,  in  a  certain 
sense,  groping.  The  matter  of  uniformity  of 
thickness  is  of  extreme  importance  in  the  in¬ 
dustrial  field.  A  definite  mean  and  extreme  on 
such  tests  as  tensile  strength,  flexural  strength, 
deflect  and  impact  strength  should  be  compe¬ 
tently  decided  upon  by  the  individual  manufac¬ 
turer  and  adopted  before  making  any  presenta¬ 
tion  of  the  finished  material  to  the  market.  For 
the  protection  of  the  industry  generally  and  to 
prevent  an  inferior  product  from  becoming  a 
burden  to  those  conscientious  manufacturers 
who  are  attempting  to  produce  a  reliable  board, 
a  uniform  set  of  testing  standards  should  be 
adopted  industry  wide  as  promptly  as  possible. 


Advertising 

This  is  one  phase  of  marketing  that  should 
be  equipped  with  extremely  good  brakes.  Each 
of  the  three  general  phases  of  advertising, 
namely:  consumer  level,  dealer  level  and  jobber 
level,  must  be  employed  and  properly  timed  to 
be  eflFective.  Also,  a  great  deal  of  care  must  be 
exercised  in  properly  setting  forth  the  merits 
of  the  product,  and  over  emphasis  of  charac¬ 
teristics  or  quality  of  the  product  should  be 
avoided.  Such  over  emphasis  can  cause  trouble 
later  by  failure  to  live  up  to  the  advertising 
claim.  Our  own  particular  effort  in  this  field 
embraced  calling  on  dealers  and  jobbers  as  well 
as  industrial  users,  the  distribution  of  samples, 
displays  at  home  shows  and  fairs,  and  adver¬ 
tising  in  architectural  publications.  It  was 
found  that  the  most  effective  coverage  and  re¬ 
sults  could  be  obtained  by  selecting  a  specific 
area  or  several  specific  areas  and  conducting  a 
saturation  market  test  within  that  area  or  those 
areas.  Consumer  level  advertising  was  employed 
and  a  specific  follow-up  system  was  inaugu¬ 
rated.  At  the  conclusion  of  a  six  weeks  trial 
period  definite  advertising  response  could  be 
measured  and,  of  course,  a  definite  reaction  to 
the  product  could  be  obtained.  While  on  this 
subject,  it  should  be  emphasized  that  the  em¬ 
ployment  of  a  reliable  agency  to  handle  the 
advertising  feature  is  the  cheapest  way  to 
handle  this  factor. 

Pricing 

It  is  a  well  known  fact  that  anything  will  sell 
at  a  price  and  this  is  particularly  true  of  a  new 
product  in  the  market.  It  will  be  found  almost 
without  exception  that  regardless  of  what  mar- 


298 


FOREST  PRODUCTS  RESEARCH  SOCIETY 


ket  is  approached  there  is  in  existence  some 
product  that  is  already  serving  the  need,  there¬ 
fore,  almost  without  exception  an  established 
price  market  is  already  in  existence.  In  order  to 
successfully  market  a  new  product  it  becomes 
necessary,  therefore,  to  produce  at  least  a  min¬ 
imum  quality  equal  to  that  already  existent  in 
the  product  already  on  the  market.  With  the 
quality  factors  equal,  it  becomes  necessary  to 
undershoot  the  existing  market  on  price.  If  the 
new  product  contains  a  greater  number  of 
quality  characteristics  which  can  be  successfully 
proven,  the  product  can  be  priced  at  the  exist¬ 
ing  market  level  and  the  additional  quality 
factors  will  sell  it.  After  the  product  has  been 
successfully  introduced  and  its  quality  has  been 
proven,  then  the  pricing  factor  becomes  a 
simpler  matter. 

It  is  felt  that  the  potential  market  for  the 
wood  particle  board  has  just  barely  been 
touched  and  that  a  tremendous  use  will  be  de¬ 
veloped  for  this  type  of  product  in  the  future 
in  the  industrial  field.  To  arrive  at  a  product 
a  great  deal  of  specialized  board  is,  or  will  have 
to  be,  produced  in  the  future.  The  wood  par¬ 
ticle  board  manufacturer  would  do  well  to  in¬ 
sist  upon  the  closest  possible  cooperation  be¬ 
tween  his  research  department  and  his  mer¬ 
chandising  department  for  the  purpose  of 
properly  exploiting  this  industrial  field.  It  is 
telt  that  a  number  of  various  types  of  wood 
particle  board  will  be  engineered  for  particular 
uses  and  if  properly  approached,  this  field  can 


be  taken  over  at  this  time  and  held  for  years 
to  come. 

Conclusion 

Considering  a  tree  as  100  percent  volume  of 
wood,  by  the  time  it  is  limbed  and  bucked  into 
logs  roughly  62  percent  of  the  original  volume 
in  the  form  of  saw  logs  is  taken  to  the  mill. 
After  the  bark  and  slab  operation  has  been  per¬ 
formed  and  the  sawing  operation  completed, 
approximately  52  percent  of  the  original 
volume  is  produced  in  the  form  of  usable  lum¬ 
ber.  Taking  the  next  general  step,  after  this 
rough  lumber  is  refined  to  its  various  stages 
such  as  millwork,  flooring,  cabinets,  furniture, 
etc.,  approximately  34  percent  of  the  original 
volume  finds  its  way  to  the  ultimate  consumer. 

Some  uses,  such  as  fuel  for  power,  etc.,  have 
been  developed  for  the  66  percent  original 
volume  lost  in  the  course  oi  the  various  prepa¬ 
rations,  but  a  very  considerable  portion  of  this 
volume  must  be  converted  to  an  economical  use. 

It  is  felt  that  the  wood  particle  board  market 
holds  the  greatest  potential  for  conversion  to  a 
profitable  usable  item. 

It  goes  without  saying  that  the  greater  ex¬ 
ploitation  that  can  be  given  the  wood  particle¬ 
board  or  similar  product  the  more  complete- 
utilization  will  then  be  made  of  the  tree. 

This  is  the  proper  time  to  urge  greater  coop¬ 
eration  among  legitimate  manufacturers  to 
insure  a  healthy  constructive  growth  of  this 
industry. 


Discussion 

Mr.  R:  C.  Scott:  (American-Marietta  Com¬ 
pany)  :  Is  moisture  absorption  important  or 
would  percent  swelling  be  more  desirable  from 
the  marketing  point  of  view? 

Mr.  Carr:  The  consumer  wants  to  know  what 
liappens  in  relation  to  his  requirement.  Mois¬ 
ture  absorption  is  required  only  from  the  in¬ 
dustrial  users  such  as  refrigerator  manufac¬ 
turers,  etc. 

/Mr.  E.  U".  Wellu'ood  (Canadian  Forest 
Products) :  Canadian  Forest  Products,  Pacific 
Veneer  &  Plywood  Division  has  found  that 
substantial  saving  in  advertising  costs  may  be 
facilitated  if  as  much  as  possible  of  the  adver¬ 


tising  is  done  by  their  own  staff  in  their  own 
print  shop  rather  than  farming  out  advertising 
booklets  to  various  advertising  agencies. 

Air,  W ellwood:  Has  any  work  been  done  to 
analyze  the  public  reaction  to  a  hardboard  that 
is  fire  resistant  and  to  compare  its  acceptance 
with  another  board  that  has  little  or  no  fire- 
resistant  properties  ? 

Air.  Carr:  I  have  done  a  great  deal  of  anal¬ 
ysis  work  and  find  that  a  hardboard  that  is  fire 
resistant  would  be-  accepted  in  every  instance  in 
preference  to  that  board  which  has  little  or  no 
lire  resistant  properties. 

Air.  /.  V.  Hamilton  (Perkins  Glue  Co.): 
What  advice  would  you  give  the  production 
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phase  of  the  industry  concerning  the  procedure 
to  follow  market-wise  before  undertaking  to 
produce  a  particle  board? 

Mr.  Carr:  A  great  deal  of  market  research 
should  be  completed  before  venturing  too  far 
financially  into  experimental  development.  In 
most  instances,  specific  boards  can  be  manufac¬ 
tured  to  meet  specific  needs  and  the  prospective 
manufacturer  should  determine  which  field  he 
wishes  to  exploit. 


Mr.  R.  W.  Miller  (Simpson  Logging  Com¬ 
pany)  :  The  question  of  resistance  to  burning 
of  hardboard  or  any  wood-fiber  product  for 
that  matter  is  well  taken  and  it  is  unfortunate 
that  it  had  to  be  dismissed  without  further  dis¬ 
cussion.  An  attempt  should  be  made  to  have 
papers  on  this  subject  presented  at  future  meet¬ 
ings  since  it  is  certain  to  become  a  factor  of 
greater  importance  in  the  marketing  of  wood 
products. 
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Utilization  of  Douglas  Fir  Bark  in  Hardboard 

Arthur  B.  Anderson  and  William  J.  Runckel 

Oregon  Lumber  Company  Research  Laboratory,  Portland,  Oregon 


A  quality  hardboard  may  now  be  produced  from  Douglas  fir  slabwood  including  bark.  The  new  process 
tan  be  used  in  a  conventional  wet  haroboard  process  plant.  Tbe  advantages  of  the  bark  process  are  (1)  cheap 
raw  material,  (2)  less  power  required  for  pulping,  and  (3)  does  not  require  chemicals  to  produce  satisfactory 
moisture  resistance. 


Introduaion 

UCH  of  the  slabwood  produced  in  the 
Douglas  fir  lumber  mills  in  Washing¬ 
ton,  Oregon,  California,  and  western 
Canada  is  used  for  fuel,  either  to  supply  the 
mill  with  power  or  sold  locally  for  domestic 
use.  Many  of  these  lumber  mills  find  that  their 
own  fuel  requirements  are  amply  fulfilled  by 
the  mill  waste  other  than  slabwood  and  usually 
there  is  little  local  domestic  market  for  this 
material.  Such  mills  have  to  dispose  of  their 
slabwool  in  wood  waste  burners. 

In  1948  the  Oregon  Lumber  Company  began 
to  investigate  the  possible  utilization  of  its  slab- 
wood,  including  the  bark,  as  a  suitable  raw 
material  for  hardboard.  Up  to  this  time  very 
little  information  has  been  made  available  re¬ 
garding  the  use  of  Douglas  fir  bark,  or  barks 
in  general,  in  the  production  of  hardboard.* 

In  the  commercial  production  of  hard-  and 
•softboards,  bark-free  raw  material  appeared 
mandatory.  The  reasons  advanced  for  not  using 
bark  in  fiberboard  compositions  were  ( 1 )  when 
bark  is  incorporated  with  wood  the  resulting 
pulps  are  not  suitable  for  wet  lap  forming 
machines  because  of  the  slowness  of  the  result¬ 
ing  pulps,  and  (2)  the  presence  of  bark  weak¬ 
ens  the  board  below  acceptable  standards. 

Experimental  Procedure 
Preparation  of  Bark-Wood  Pulp 

The  mill  shipped  to  us  slabs  which  had  been 
cut  into  4-foot  lengths.  These  were  split  into 
2-  to  3-inch  widths  and  the  bark  was  removed. 
The  segregated  bark  was  put  through  a  small 
hammermill  which  had  a  perforated  plate  screen 

*  Clermont,  L.  P.  and  Schwartz,  H.  Studies  on 
the  Chemical  Composition  of  Bark  and  Its  Util¬ 
ization  for  Structural  Boards.  FPRS  Proceedings, 
1948,  pp.  130-135. 


with  one-inch  holes.  The  bark  so  reduced  was 
then  ready  to  be  mixed  with  wood  chips  for 
pulping.  The  bark-free  wood  was  put  through 
a  laboratory  chipper.  The  resulting  heterogene¬ 
ous  chips  were  put  through  the  hammermill 
containing  the  one-inch  plate  screen.  These 
chips  were  then  put  on  a  quarter-inch-mesh 
screen  to  remove  any  fines  and  the  latter  dis¬ 
carded.  The  chips  that  remained  on  the  screens 
were  used  in  the  preparation  of  the  hardboard. 

Sufficient  bark-wood  mixtures  were  weighed 
out  in  various  percent  compositions  desired  to 
make  from  6  to  8,  ^-inch  by  12-inch  by  12- 
inch  hardboards.  This  required  from  9  to  13 
lbs.  of  dry  material  for  each  experimental  run. 
Warm  water  was  added  to  the  chip  mixture 
prior  to  defiberization  in  an  Asplund  laboratory 
defibrator.  A  preheating  chamber,  consisting  of 
a  vertical  stainless  steel  pipe  (3  inches  i.d.  by 
12  inches),  was  connected  to  the  defibrating 
chamber  by  means  of  a  2^-inch  stainless  steel 
pipe  with  quick-opening  valve.  A  charge  equiv¬ 
alent  to  approximately  300  grams  of  dry  mate¬ 
rial  was  placed  in  the  preheater  and  the  cham¬ 
ber  closed  by  means  of  a  screw  cap.  The  chips 
were  presteamed  for  5  minutes  (final  pressure 
about  90  psig.)  and  then  the  defibrator  motor 
was  started  and  the  chips  were  discharged  into 
the  defibrator  chamber  through  the  quick¬ 
opening  valve.  Steam  was  admitted  into  the 
defibrator  chamber  and  the  charge  held  for  one 
minute,  after  which  it  was  blown  through  a 
%-inch  line  into  a  cyclone,  where  the  coarse 
fibers  were  collected.  This  procedure  was 
repeated  until  all  the  material  for  a  particular 
run  was  defiberized.  The  defiberized  material 
was  then  pulped  in  an  8-inch  Bauer  laboratory 
disc  mill,  using  No.  6946  plates  at  various 
plate  clearances,  to  produce  pulps  of  desired 
freeness.  While  the  coarse  fiber  was  being 
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pulped,  a  small  stream  of  water  at  70  to  90°  F. 
was  continuously  fed  to  the  mill.  Oliver  free¬ 
ness  was  determined  on  the  stock  at  this  stage. 

It  is  reported  that  the  most  suitable  stock  for 
commercial  board-forming  machines  should 
have  an  Oliver  freeness  between  35  and  60 
seconds.  No  .difficulties  were  encountered  in 
preparing  bark-wood  pulps  with  freenesses 
within  these  limits,  thus  eliminating  one  of  the 
objections  reported  to  be  encountered  when 
using  bark  in  wood  pulp  compositions. 

Preparation  of  Hardboard 

The  pulp  from  each  run  was  divided  into  6 
to  8  parts,  according  to  the  number  of  quarter- 
inch  boards  to  be  prepared.  Each  pulp  portion 
was  dispersed  in  water  (consistency  about  6 
percent)  and  transferred  to  a  forming  box  (12 
inches  by  12  inches  with  facing  screen  of  14 
by  14  mesh  .025-inch  wire).  The  pulp  was 
stirred  lightly  and  the  water  allowed  to  drain 
through  a  quick-opening  valve,  after  which  the 
valve  was  closed  and  vacuum  applied  to  remove 
additional  water.  The  wet  mat  was  removed, 
placed  between  screens  plus  stainless  steel  cauls 
(13  inches  by  13  inches),  and  put  into  a  42- 
ton-capacity  hydraulic  press  with  12-inch  by  12- 
inch  platens  at  room  temperature.  The  mat  was 
submitted  to  500  psi.  for  2  minutes,  resulting 
in  a  dewatered  mat  containing  50  percent  (±2 
percent)  solids.  Each  mat  was  weighed  and  the 
approximate  dry  weight  of  pulp  recovery  from 
each  run  was  determined.  A  composite  sample 
of  these  cold  pressed  mats  totaling  150  grams 
was  used  for  Oliver  freeness  determination. 

Each  cold-pressed  mat  was  divided  into  equal 
parts,  corresponding  to  the  number  of  boards 
to  be  made  from  the  particular  test- run,  to 
insure  uniform  stock  for  each  board  to  be  proc- 
e.ssed.  Eleven  hundred  fifty  to  1,175  grams  of 
this  pulp  was  weighed  out,  -put  into  water  to 
an  8-  to  10-percent  consistency,  and  thoroughly 
stirred  with  a  pulp  mixer  for  10  minutes.  If 
the  board  was  to  be  sized  the  rosin  size  would 
be  added  at  this  point  and  stirred  for  10  min¬ 
utes  and  then  an  equivalent  quantity  of  paper- 
makers  alum  would  be  added  and  stirred  an 
additional  10  minutes.  The  pulp  mixture  was 
then  poured  into  the  12-inch  by  12-inch  form¬ 
ing  box  and  water  was  added  to  about  4  to 
6-percent  consistency.  This  was  carefully  stirred 
and  the  water  allowed  to  drain.  When  free 


drainage  ceased  vacuum  was  applied  until  the 
gauge  indicated  5-inches  of  mercury  or  less. 
Then  the  mat  was  removed  and  a  13-inch  by 
13-inch  stainless  steel  caul,  which  had  been 
lubricated  with  silicone  mold  release  compound 
(Dow  No.  7),  was  placed  on  the  top  of  the 
mat;  a  screen-caul  was  placed  on  the  under 
side. 

The  prepared  mat  was  transferred  to  the  hot 
press,  which  had  previously  reached  the  desired 
platen  temperature,  either  375  or  410°  F.  The 
platens  were  electrically  heated,  and  the  tem¬ 
perature  was  controlled  by  an  automatic  ther¬ 
moregulator.  The  platen  pressure  was  raised  to 
500  psi.  and  maintained  at  this  pressure  for  2 
minutes.  The  pressure  was  then  slowly  released 
to  about  50  psi.  to  permit  any  entrapped  steam, 
if  present,  to  escape.  This  breathing  cycle  was 
maintained  for  2  or  3  minutes  and  then  the 
pressure  was  increased  up  to  250  or  500  psi. 
and  the  final  pressure  maintained  for  10  to  15 
minutes,  depending  on  the  cycle  desired.  At 
the  end  of  the  cycle,  the  pressure  was  dropped 
and  the  board  removed  for  testing. 

Physical  Testing  Methods 
Oliver  Freeness  of  Pulp  Stocks 

A  composite  sample  weighing  150  grams 
(dry)  from  the  cold  pressed  mats  was  thor¬ 
oughly  stirred  in  about  8  quarts  of  water  with 
a  mechanical  pulp  breaker.  This  was  trans¬ 
ferred  to  an  Oliver  test  leaf  (V2'S4-  ft-  area) 
and  additional  water  added  up  to  14  quarts 
of  stock.  The  facing  screen  was  14  by  14  mesh 
.02 5 -inch  wire  as  used  on  the  commercial 
forming  machines.  Vacuum  was  applied  and 
when  15-inches  of  mercury  was  reached  the 
quick-opening  valve  leading  to  the  test  leaf 
was  opened  and  the  time  required  to  cause  all 
free  water  to  disappear  was  recorded.  End  of 
timing  was  the  instant  the  surface  of  the  pulp 
changed  from  shiny  to  dull.  The  drainage  time 
for  14  quarts  of  water  (less  pulp)  from  the 
Oliver  test  leaf  was  25  seconds. 

Modulus  of  Rupture 

Each  12-inch  by  12-inch  hardboard  was  edge 
trimmed  on  a  table  saw.  A  strip  3  inches  wide 
was  taken  from  near  the  center  of  the  board, 
and  this  used  to  test  modulus  of  rupture.  This 
test  was  made  according  to  Federal  Specifica¬ 
tion  LLL-F311,  July  12,  1940. 
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Water  Absorption  and  Swelling 

Two  3-inch  by  5-inch  samples  were  cut  from 
each  board  and  used  for  water  absorption  deter¬ 
minations  and  to  measure  degree  of  swelling 
after  water  immersion.  The  edges  of  one  of 
the  duplicate  samples  were  sealed  with  melted 
paraffin.  The  thickness  to  nearest  .001-inch  and 
weight  to  nearest  0.1  gram  was  recorded  for 
each  coupon.  The  samples  were  then  soaked  at 
room  temperature  for  24  hours  under  one  inch 
of  water.  When  the  immersion  period  was 
completed  the  samples  were  removed  from  the 
water  and  placed  on  end  for  about  10  minutes 
to  allow  the  free  water  to  run  off.  The  sur¬ 
faces  were  then  wiped  with  dry  cloth  and  the 
samples  weighed  to  the  nearest  0.1  gram.  The 
absorption  was  calculated  as  the  gain  in  weight 
over  dry  weight  and  recorded  in  percent.  In  all 
data  reported  here,  the  "A”  sample  had  sealed 
edges,  while  "B”  was  unsealed.  The  thickness 
was  determined  on  the  water-immersed  spec¬ 
imen  and  amount  of  swelling  calculated  as 
increase  in  thickness  over  dry  thickness  and 
recorded  in  percent. 

Specific  Gravity 

This  was  determined  on  approximately  3- 
inch  by  5-inch  samples  according  to  the  method 
described  by  the  U.  S.  Forest  Products  Labora¬ 
tory,  Madison,  Wisconsin.* 

Experimental  Bark-Wood  Hardboard  Runs 

Effect  of  Percentage  of  Douglas  Fir 
Bark  on  Board  Properties 

The  weight  percent  of  bark  was  determined 
on  various  shipments  of  Douglas  fir  slabwood 
(old  growth)  as  received  from  the  mill  at  Dee, 

*  U.  S.  Forest  Products  Laboratory.  Methods  of 
Test  for  Evaluating  the  Properties  of  Fiber  Build¬ 
ing  Boards.  Report  R1712,  1948,  pp.  16-17. 


Oregon,  to  ascertain  the  approximate  percent 
composition  of  bark  which  would  occur  from 
day  to  day  if  the  entire  Douglas  fir  slabwood 
output  was  chipped  and  processed  into  hard¬ 
board.  The  amount  of  bark  found  on  the  slab- 
wood  varied  from  30  to  75  percent,  giving  an 
approximate  average  of  45  percent  bark  by 
weight  (dry  basis)  for  all  slabs  examined.  It 
is  doubtful  that  the  actual  bark  content  would 
ever  consistently  run  that  high  since  some 
debarked  slabs  and  edgings  would  probably  be 
processed  along  with  the  slabs. 

Since  the  bark  is  not  to  be  separated  from 
the  slabs  prior  to  pulping  in  this  new  process 
the  amount  of  bark  present  from  day  to  day 
would  vary  somewhat.  Thus  it  was  necessary  to 
determine  what  effect  various  percentages  of 
bark  composition  would  have  on  board  proper¬ 
ties.  For  this  purpose,  four  runs  of  bark-wood 
mixtures  were  prepared,  containing  15,  25,  35, 
and  45  percent  of  bark  respectively,  six  boards 
being  prepared  from  each  run.  Three  boards  of 
each  run  were  prepared  without  any  sizing  agent 
being  added  and  the  remaining  three  boards 
were  prepared  with  0.5  percent  rosin  size  plus 
0.5  percent  paper  makers  alum  (based  on  dry 
weight  of  board).  All  boards  were  hot  pressed 
at  410°  F.,  platen  temperature,  using  a  pressing 
cycle  of  500,  50,  and  500  psi;  for  2,  2,  and  10 
minutes  respectively.  The  properties  of  the  re¬ 
sulting  boards  are  given  in  Table  1  (the  results 
cited  being  averages  of  2  or  more  boards  in  this 
and  subsequent  tables). 

It  is  of  particular  significance  to  note  from 
these  data  that  the  Douglas  fir  bark  hardboards 
have  quite  low  water  absorptions,  even  without 
any  added  sizing  agent  being  present.  And  0.5 
percent  size  does  not  appear  to  reduce  the 
strengths  of  the  boards  very  materially.  The 
amounts  of  bark  used  here  do  not  materially 
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.  31 

90 

0 

1.039 

.218 

14.8 

14.5 

8.0 

10.1 

5,650 

1.5 . . 

.  31 

90 

0.5 

1.042 

.219 

8.1 

11.6 

7.1 

9.0 

5,135 

25 . . 

.  30 

90 

0 

1.040 

.219 

9.3 

10.8 

5.4 

8.4 

5,175 

25 _ _ 

_  30 

90 

0.5 

1.048 

.219 

7.6 

9.6 

4.8 

7.9 

5,160 

35 . . 

_  35 

87 

0 

1.045 

.217 

6.7 

9.3 

6.0 

5.7 

6,015 

.3.5 _ 

_  35 

87 

0.5 

1.0.52 

.214 

5.7 

8.6 

5.7 

8.6 

4,935 

45 _ _ 

_  39 

80 

0 

1.061 

.227 

7.5 

10.5 

5.7 

6.8 

5,060 

45 . . 

.  39 

80 

0.5 

1.063 

.229 

8.4 

9.3 

5.6 

5.0 

5,130 
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affect  the  strength  of  the  boards.  It  was  noted 
that  the  color  variation  in  the  boards  containing 
different  percentages  of  bark  was  hardly  per¬ 
ceptible. 

Effect  of  Sizing  Agents  on 
Strength  of  Bark  Boards 

Very  early  in  this  investigation  it  was  indi¬ 
cated  that  when  normal  or  usual  amounts  of 
sizing  agents  are  added  to  boards  containing 
bark  the  strengths  of  the  boards  were  reduced 
considerably.  To  indicate  this  characteristic  of 
sizing  agents  a  run  was  made  using  35  percent 
Douglas  fir  bark,  in  which  two  boards  each  con¬ 
taining  0,  1,  2,  and  3  percent  rosin  size  fol¬ 
lowed  by  respective  quantities  of  alum  were 
prepared.  The  pH  of  all  the  sized  pulp  stocks 
was  between  4.5  and  4.8.  Platen  temperature 
of  410°  F.,  was  used  with  a  pressing  cycle  of 
500,  50,  and  500  psi.  for  2,  2,  and  10  minutes 
respectively.  The  results  follow  in  Table  2. 

Table  2 

Size  Modulus  of  rupture 

Percent  psi. 

0  .  . . . . .  5,550 

1  .  .  _  -  . .  4, .570 

2  -  . .  . . .  3,965 

3  .  .  .  .  2,880 

Thus,  it  appears  evident,  that  the  strength  of 
bark-wood  boards  is  lowered  as  the  amount  of 
sizing  algent  present  increases.  Sizing  agents 
have  similar  effect  on  boards  made  from  100 
percent  wood  fiber,  as  will  be  indicated  in  sub¬ 
sequent  data  to  be  presented.  This  detrimental 
effect  of  sizing  agents  to  board  strength  is  well 
known,  and  to  offset  this  lowering  of  strength 
synthetic  binders  are  sometimes  added  to  give 
the  board  the  desired  strength. 

Effea  of  Cooking  Time  on  Board  Properties 

It  was  desired  to  determine  what  effect  cook¬ 
ing  time  would  have  on  board  properties.  In 
this  series  of  experiments  35  percent  Douglas 
fir  bark  with  wood  mixtures  were  prepared,  each 
run  furnishing  four  boards.  One  run  was  made 
as  previously  described,  namely  5  minute  steam¬ 
ing  period  at  90  psig.  in  the  preheating  cham¬ 


ber,  followed  by  defiberization.  In  the  second 
run,  the  bark-wood  mixture  was  .steamed  for  30 
minutes  at  90  psig.  in  a  stainless  steel  rotating 
digester,  then  defiberized  as  above.  All  wet  laps 
were  hot  pressed  at  375°  F.  platen  temperature, 
using  500,  50,  and  500  psi.  for  2.  3,  and  1*) 
minutes  respectively.  The  results  are  given  in 
lable  3. 

Note  that  the  board  strengths  of  the  longer 
cooked  material  is  considerably  lower  than  those 
resulting  when  short  steaming  periods  are  used. 
Thus  it  would  suggest  that  when  relatively  long 
cooking  periods  are  employed  at  high  steam 
pressure,  the  resulting  chips  are  partially  hydro¬ 
lyzed  causing  some  of  the  fiber  structure  to 
break  down.  This  is  further  indicated  since  the 
pulp  yield  is  materially  reduced  over  what  is 
recovered  when  shorter  cooking  periods  are 
used.  Lower  water  absorptions  appear  also  to 
result  with  shorter  cooking  periods.  Perhaps, 
some  of  the  naturally  occurring  water  repellent 
agents  present  in  the  bark  are  partially  removed 
during  the  longer  steaming  period. 

Effect  of  Pressure  and  Temperature 
During  Pressing  Cycle 

In  order  to  determine  the  effect  on  board 
properties  of  specific  gravity,  which  can  be 
somewhat  controlled  by  the  amount  of  pres¬ 
sure  and  platen  temperatures  used  during  the 
hot  press  cycle,  two  runs  (9  boards  each)  were 
made  using  35  percent  Douglas  fir  bark,  to¬ 
gether  with  65  percent  Douglas  fir  wood.  The 
chip  mixtures  were  preheated  5  minutes  at  90 
psig.  steam  and  defiberized  as  usual.  Platen 
temperatures  of  375°  F.,  and  410°  F.,  were 
used,  the  former  being  a  pressure  cycle  of  2,  3, 
and  15  minutes  at  various  pressures  indicated 
below,  while  the  latter  comprised  2,  2,  and  10 
minutes  at  pressures  indicated.  The  results  fol¬ 
low  in  Table  4. 

These  data  indicate  that  the  strength  of  the 
board  is  increased  and  water  absorption  and 
swelling  are  lowered  as  the  platen  pressure  is  in¬ 
creased.  Likewise,  as  would  be  anticipated,  the 
specific  gravity  increases  as  pressure  is  raised. 
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A  B 

psi. 

90 _ _ 

.  5 

87.5 

36 

.241 

1.02 

9.6 

11.4 

8.8 

9.2 

5,423 

90...  . 

.  30 

71.0 

38 

.243 

1.02 

14.0 

15.7 

7.6 

11.2 
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Table  4 

376°  F.  Platen  Temperature 


Pressure  eyrie  Caliper  Sp.  gr.  Absorption  Swelling  Modulus 

Percent  Percent 

psi.  in.  A  B  A  B  psi. 

250-50-260...  241  0.95  8.9  12.4  5.2  7.3  5,830 

.500-50-250. . 240  1.00  8.2  11.8  5.3  5.8  5. .590 

.500-50-500 .  --  _  _ ...  .223  1.06  8.2  10.9  5.2  6.5  6,385 

410°  F.  Platen  Temperature 

250-50-250 _  244  1.00  6.8  9.9  4.8  8.5  5,125 

500-50-250 _ 234  1.03  6.1  8.9  4.0  7.1  6,0.32 

.500-50-500 . 221  1.06  5.2  8.4  3.0  5.5  6,330 


Increased  platen  temperature  appears  to  lower 
water  absorption,  together  with  slightly  greater 
dimensional  stability.  It  is  suggested  that  as  the 
temperature  increases,  at  a  given  pressure  a 
greater  "flow”  takes  place,  giving  greater  board 
densities. 

Other  Bark  Species  with  Douglas 
Fir  Bark  in  Hardboard 

While  the  greatest  percentage  of  logs  milled 
at  the  Oregon  Lumber  Company  at  Dee,  Ore¬ 
gon,  is  Douglas  fir,  small  amounts  of  white  fir 
and  hemlock  are  put  through  the  mill.  It  was 
desired  to  ascertain  what  effect  small  amounts 
of  bark  from  these  other  species  would  have  on 
hardboard  properties,  if  they  were  mixed  and 
processed  with  the  Douglas  fir  slabs.  Several 
runs  were  made  using  Douglas  fir  bark  with 
white  fir  bark  mixture  containing  25  percent  of 
the  latter  and  adding  35  percent  of  the  mixed 
barks  to  wood  chips.  This  was  repeated  with 
hemlock  bark  using  25  percent  of  the  latter 
mixed  with  Douglas  fir  bark.  Asplund  pulp  was 
produced  and  boards  pressed  at  375°  F.  platen 
temperature  using  pressing  cycle  of  500,  50, 
and  500  psi.  for  2,  3,  and  15  minutes.  The  re¬ 
sults  follow  in  Table  5. 

It  would  appear  that  small  amounts  of  other 
barks  tested,  i.e.  white  fir  and  hemlock,  when 
mixed  with  Douglas  fir  bark,  produce  hard- 
boards  with  acceptable  properties.  Thus,  slabs 
other  than  Douglas  fir  can  be  added  to  the  lat¬ 
ter  for  subsequent  processing  into  hardboard, 
without  materially  reducing  the  quality  of  the 
hardboard  produced. 


Wax  Content  of  Douglas  Fir 
Bark  versus  Water  Absorption 

It  was  recently  reported  that  Douglas  fir  bark 
contains  a  benzene-soluble  wax,  amounting  to 
5  to  10  percent,  based  on  the  dry  weight  of  the 
bark.®  It  was  of  interest  to  run  bark-wood  hard- 
boards  containing  barks  with  known  quantities 
of  wax,  to  determine  what  effect  wax  content 
would  have  on  the  water  absorption  properties 
of  hardboard.  Thus,  the  amount  of  wax  in 
various  lots  of  Douglas  fir  bark  was  determined 
by  extracting  the  ground  bark  in  Soxhlet  ex¬ 
tractors  for  8  hours  with  benzene.  The  loss  in 
weight  after  extraction,  after  correcting  for 
moisture  content,  was  calculated  as  approximate 
wax  content.  Undoubtedly,  small  amounts  of 
other  chemical  substances  are  also  removed  with 
benzene.  Douglas  fir  bark  lot  No.  5  was  found 
to  contain  3.4  percent  wax  (benzene  soluble) 
which  was  the  lowest  amount  found  in  all  barks 
examined,  while  Douglas  fir  bark  lot  No.  8 
contained  6  percent  wax,  which  is  more  repre¬ 
sentative  of  the  average  wax  content  found  in 
the  barks  used.  Several  30  and  35  percent  bark 
board  runs  were  made  with  each  of  these  barks, 
using  platen  temperature  of  375°  F.  and  press¬ 
ing  cycle  of  500,  50,  jind  500  psi.  for  2,  3,  and 
1 5  minutes.  The  results  are  reported  in  Table  6 
below. 

It  would  appear  that  as  the  wax  content  of 
the  bark  increases,  the  water  absorption  of  the 
resulting  board  deerwses.  The  amount  of  wax 

Kurth,  E.  F.,  Kiefer,  H.  J.,  and  Hubbard,  J.  K. 
Utilization  of  Douglas  Fir  Bark.  Timberman,  49, 
(8);  130-131,  1948. 


V 


table  5 


Fir  bark 

Pulp 

Free- 

mixture 

yield 

ness 

Percent 

Beo. 

Douglas-White  3-1 _ 

.  89.0 

42 

Douglas-Hemlock  3-1 _ 

.  86.0 

37 

Caliper  Absorption  Swelling  Modulus 

in.  Percent  Percent  psi. 

A  B  A  B 

.234  15.1  16.6  12.4  16.6  5,520 

.233  12.0  17.1  7.7  9.6  5,010 
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Table  6 


Modulus 

Wax  in  of 

Bark  lot  bark  Bark  Absorption  Swelling  rupture 

No.  Percent  Percent  Percent  Percent  psi. 

A  B  A  B 

5 . - . . . .  3.4  80  13.6  17.8  11.0  11.6  6,700 

8 . . . .  .  -  6.0  30  9.4  13.6  7.8  7.5  6,160 

5 . . .  .  ^  _  3.4  36  10.7  13.3  8.1  10.1  5,322 

8.. .  -  6.0  35  8.0  11.8  7.7  6.9  6,500 


to  be  found  in  the  bark  is  contingent  on  en¬ 
vironment  and  whether  the  bark  is  from  the 
butt  or  top  log.  Kurth  et  al®  reported  that  the 
butt  bark  contains  the  greater  quantity  of  wax 
and  that  the  content  decreases  as  the  top  of  the 
tree  is  approached.  It  will  also  be  noted,  that 
the  higher  wax  content  produced  boards  of 
slightly  higher  strength.  This  was  likewise  in¬ 
dicated  in  subsequent  experimental  runs  on  bark 
of  known  benzene-soluble  (wax)  content.  Per¬ 
haps  the  extractives  in  Douglas  fir  bark  act  as 
natural  binding  agents,  as  well  as  water  re¬ 
pelling  agents.  It  should  be  noted  that  increase 
in  wax  content  of  Douglas  fir  bark  does  not  de¬ 
crease  board  strength,  which  is  contrary  to  what 
occurs  when  increased  quantities  of  sizing 
agents,  either  in  the  form  of  rosin  or  wax 
(emulsion),  are  used. 

Wax-Free  Douglas  Fir  Bark 
and  Water  Absorption 

If  the  wax  in  Douglas  fir  bark  acts  as  a  water 
repelling  or  sizing  agent  in  hardboard,  then 
wax-free  Douglas  fir  bark  should  produce  board 
of  high  water  absorption.  Thus  it  was  of  in¬ 
terest  to  extract  the  bark  with  solvents  to  re¬ 
move  various  fractions  of  the  total  extract  and 
determine  effect  of  each  such  extracted  bark  in 
hardboard  on  water  absorption.  It  is  reported 
that  petroleum  ether  removes  a  portion  of  the 
wax,  and  that  benzene  removes  all  or  nearly  all 
the  wax  present  in  Douglas  fir  bark.®  Each  of 
these  solvents,  as  well  as  acetone,  which  re¬ 
moves  more  extractives  than  either  of  the  other 
two  solvents,  was  used  to  extract  Douglas  fir 
bark.  The  extracted  barks  (35  percent)  were 
added  to  wood  chips  and  processed  into  hard¬ 


board  in  the  usual  manner.  The  platen  tem¬ 
perature  was  410°  F.  and  the  pressing  cycle  was 
500,  50,  and  500  psi.  for  2,  2,  and  10  minutes. 

The  results  obtained  follow  in  Table  7. 

The  petroleum  ether  extracted  bark,  in  which 
a  portion  of  the  wax  was  removed,  gave  a  water 
absorption  slightly  higher  than  the  unextracted 
bark.  The  benzene  extracted  bark,  with  prac¬ 
tically  all  the  wax  removed,  gave  a  board  with 
much  higher  water  absorption  than  the  un¬ 
extracted  bark,  while  acetone,  which  removed 
additional  extractive  substances,  gave  the  high¬ 
est  water  absorption  as  well  as  the  greatest  de¬ 
gree  of  swelling.  Thus,  it  is  apparent  that  the 
wax  in  Douglas  fir  bark  plays  an  important  role 
in  imparting  water  repellency  to  hardboard. 

Hundred-percent  Douglas  Fir 
Wood  Hardboard 

The  best  pulping  conditions  found  for  bark- 
wood  composition  boards  in  the  present  in¬ 
vestigation  (5  minutes  preheating  of  chips 
processed  through  the  Asplund  defibrator  fol¬ 
lowed  by  pulp  refining  through  the  Bauer  mill) 
were  repeated  using  100-percent  Douglas  fir 
wood  and  boards  were  prepared  to  obtain  re¬ 
sults  comparative  with  the  bark-wood  boards 
prepared  under  similar  conditions.  Platen  tem¬ 
peratures  of  375°  F.  and  410°  F.  were  used, 
the  former  having  a  pressing  cycle  of  500,  50, 
and  500  psi.  for  2,  3,  and  15  minutes,  while 
the  latter  was  treated  at  500,  50,  and  500  psi.  for  ' 
2,  2,  and  10  minutes.  The  results  of  these  runs, 
giving  pulp  yields  of  about  91  percent,  were  as 
follows: 

These  data  on  100  percent  Douglas  fir  wood 
fiber  hardboard  clearly  demonstrate  that  the  in- 


Tablb  7 


Modulus 

Extract  of 

Bark  used  removed  Water  absorption  Swelling  rupture 

Percent  Percent  Percent  psi. 

A  B  A  B 

Unextracted .  0.0  6.7  9.6  6.0  5.9  6,085 

Petroleum  ether  extracted . 2.3  10.2  17.3  6.6  11.1  5,170 

Benaene  extracted . - .  6.0  39.3  33.4  16.3  14.9  6,880 

Acetone  extracted .  10.2  49.2  43.0  27.5  22.2  5,900 
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table  8 

Modulus 

Free-  of 


Size  ness  Caliper  Sp.  gr.  Absorption  Swelling  rupture 

Percent  sec.  in.  Percent  Percent  psi. 

A  B  A  B 

375°  F.  platen  temperature 

0  32  .239  0.98  65.4  60.5  39.3  46.3  6,623 

1 .  32  .234  0.99  11.2  14.8  9.1  14.2  4,920 

2II" .  32  .236  1.01  10.2  12.8  8.5  12.1  4,617 

410°  F.  platen  temperature 

0  34  .229  0.99  58.8  55.7  29.8  30.0  7,467 

1  .  .  34  .221  1.03  •  9.7  11.0  8.5  9.0  5,647 

2  .  34  .232  1.04  8.3  9.9  7.1  8.0  5,065 

3  34  .218  1.06  6.6  9.7  5.2  6.2  4,895 


corporation  of  Douglas  fir  bark  is  no  deterent 
for  producing  hardboard  with  acceptable  prop¬ 
erties.  Results  in  this  laboratory  indicate  that 
bark-wood  boards  can  be  produced  which  have 
strengths  superior  to  straight  wood  fiber  sized 
boards  having  comparable  water  absorptions. 
When  pulping  straight  wood  chips  the  motor 
amperage  was  noticeably  higher  than  when 
pulping  bark-wood  mixtures  to  comparable 
stock  freeness.  Preliminary  power  consumption 
data  were  determined  on  a  commercial  pulper 
and  it. was  indicated  that  perhaps  a  third  less 
horse  power  is  required  to  pulp  bark-wood 
compositions  than  straight  wood  chips,  each  of 
which  received  the  same  prepulping  treatment. 

Properties  of  Some  Available 
Commercially  Produced  Hardboard 

From  time  to  time,  commercially  available 
hardboards  made  by  various  companies  were 
obtained  and  physical  properties  determined 
using  the  same  testing  methods  as  employed  in 
this  laboratory.  The  comparative  properties  of 
three  such  type  of  boards  are  recorded  in 
Table  9  below. 

From  the  experimental  studies  reported  here 
it  is  indicated  that  the  properties  of  hardboards 
containing  Douglas  fir  bark  compare  favorably 
with  those  of  the  commercially  produced  hard¬ 


boards  tested.  It  is  realized  that  laboratory  scale 
runs  give  only  indications  of  what  might  be  ex¬ 
pected  on  commercial  scale  production.  How¬ 
ever,  some  of  the  laboratory  results  obtained 
have  been  confirmed  by  semicommercial  and 
commercial  test  runs  and  no  serious  difficulties 
are  anticipated  for  the  large-scale  production  of 
hardboard  containing  Douglas  fir  bark.  A  com¬ 
mercial  hardboard  plant  using  this  new  bark- 
wood  process  is  being  erected  at  the  Oregon 
Lumber  Company,  Dee,  Oregon,  by  the  Blaw- 
Knox  Construction  Company. 

Economic  Advantages  of  the  Bark- Wood 
Hardboard  Process 

Several  distinct  economic  factors  appear  to 
be  favorable  to  the  bark-wood  hardboard  proc¬ 
ess.  These  may  be  enumerated  as  follows: 

Raw  Material 

A  satisfactory  Douglas  fir  bark-wood  hard¬ 
board  can  be  produced  containing  varying  per¬ 
centages  of  bark  composition.  Since  a  relatively 
large  latitude  in  the  quantity  of  bark  used  is 
permissible  it  is  not  necessary  to  remove  the 
bark  from  the  slabwood  prior  to  processing. 
Thus,  debarking  equipment  is  eliminated.  The 
economy  involved  using  this  type  of  raw  mate¬ 
rial  will  vary,  depending  on  market  value  of 


TABL5  9 


Modulus 

Commercial  of 

hardboard  Caliper  Sp.  gr.  Water  absorption  Swelling  rupture 

in.  Percent  Percent  psi. 

A  B  A  B 

A-1 . 254  0.915  8.4  14.2  8.3  6.7  4,040 

A-2 . 253  0.925  8.4  13.8  7.9  7.2  4,008 

A-3 . 246  0.927  9.0  12.8  6.5  8.6  4,500 

B-1 . 254  0.940  12.6  17.4  14.1  12.2  4,160 

B-2 . 251  0.965  11.1  16.1  14.0  13.5  4,070 

B-3 . 249  0.945  10.6  19.0  12.8  17.6  4,840 

C-1 . 276  0.995  4.3  8.0  5.5  7.7  3,690 

C-2 . 272  0.990  4.0  7.7  5.2  7.4  4,315 

C-3 . 210  0.875  11.2  17.3  7.2  7.8  2,930 


307 


FOREST  PRODUCTS  RESEARCH  SOCIETY 


bark-free  wood  chips,  which  are  required  for 
previous  hardboard  processes.  It  is  estimated 
that  the  savings  will  vary  from  $3  to  as  much 
as  $12  for  each  ton  of  wood  being  processed. 

Electrical  Energy 

Another  item  in  the  hardboard  process  which 
contributes  to  the  manufacturing  cost  is  the 
horse  power  required  in  converting  the  chips 
to  pulp.  It  was  found  that  considerably  less 
horse  power  is  required  to  pulp  bark-wood  mix¬ 
tures,  as  compared  with  pulping  straight  wood 
chips.  The  exact  economy  in  electrical  energy 
is  not  known,  but  it  is  estimated  that  about  33 
percent  less  power  will  be  required. 

Chemicals 

In  all  other  commercial  hardboard  processes 
certain  percentages  of  sizing  agents,  such  as 
rosin  or  wax,  together  with  alum  or  mineral 
acids,  are  required  to  render  the  finished  hard¬ 
board  resistant  to  water  absorption  and  subse¬ 
quent  swelling.  When  Douglas  fir  bark  is  used 
the  usual  sizing  agents  are  omitted  for  the  bark 
acts  as  an  excellent  water  repelling  agent.  This 
is  the  first  wood  fiber  hardboard  process  in 
which  no  chemicals  whatever  are  required.  The 
economic  advantage  of  this  phase  of  the  bark- 
wood  hardboard  process  will  depend  on  the 
chemical  costs  involved  in  the  various  hard¬ 
board  processes  now  being  used.  Chemical 
costs  for  manufacture  of  hardboard  are  said  to 
vary  from  a  minimum  of  $2  to  $8  or  more  per 
1,000  sq.  ft.  of  quarter-inch  hardboard. 

General 

Less  water  will  be  required  in  this  new  proc¬ 
ess,  since  barkwood  pulp  consistencies  of  5  to 
6  percent  appear  suitable  for  board  formation, 
while  present  processes  require  1  to  2  percent 
pulp  consistency.  In  hot  pressing  the  wet  lap 
to  hardboard  less  caul  releasing  compound  (lub¬ 
ricant)  will  be  required  since  the  natural  waxes 
and  cork  cells  present  in  bark  act  as  lubricant 
in  themselves.  Thus  fewer  shut-downs  due  to 
boards  sticking  to  cauls  is  anticipated. 

Summary 

It  has  been  demonstrated  that  Douglas  fir 
bark  in  varying  percentages,  together  with 
wood,  is  a  suitable  raw  material  for  making  a 
quality  hardboard.  This  use  of  Douglas  fir 
slabwood  should  be  an  attractive  outlet  for  the 


utilization  of  this  waste  material  by  Douglas  fir 
mills.  This  new  bark-wood  hardlx)ard  process 
is  another  step  in  the  further  integrated  util¬ 
ization  of  wood  by-products  or  wood  waste. 

The  use  of  Douglas  fir  bark  in  hardboard 
composition  eliminates  the  need  for  adding  any 
chemicals,  such  as  the  usual  sizing  agents,  for 
the  bark  acts  as  an  excellent  water  repellent 
agent.  The  amount  of  bark  present  in  the  com¬ 
position  appears  not  to  be  critical  in  order  to 
produce  a  satisfactory,  uniform  hardboard.  It 
appears  that  the  quantity  of  bark  may  vary  as 
much  as  from  20  to  more  than  45  percent  and 
still  maintain  a  standard  product — hence  no 
need  to  debark  slabwood  prior  to  processing 
or  control  the  bark  content.  The  bark-wood 
hardboard  process  reduces  processing  cost 
because  (1)  raw  material  is  cheap  and  readily 
available,  (2)  less  power  is  required  for  pulp¬ 
ing,  and  (3)  it  is  the  only  hardboard  process 
that  does  not  require  chemicals. 

The  Douglas  fir  region  of  the  western  coastal 
states  has  abundant  quantities  of  slabwood  that 
are  available  at  a  cost  relatively  low  compared 
to  cost  of  bark-free  wood  used  in  present  proc¬ 
esses.  The  ample  supply  of  this  by-product 
wood  material  or  waste,  plus  other  economic 
advantages  of  the  bark-wood  process,  presents 
to  the  lumber  mills  of  this  region  another 
process  in  the  further  integrated  utilization  of 
lumber  and  pulp  mill  wastes.  This  new  bark- 
wood  hardboard  process  can  be  used  in  any 
conventional  wet  hardboard  process  plant. 

The  process  developed  and  described  has 
been  covered  by  patent  claims  designed  to  pro¬ 
tect  the  interest  of  the  sponsors  of  this  research 
program.  It  is  the  intention  of  the  sponsors  to 
make  the  process  generally  available  to  the 
industry  at  nominal  fees.  The  Blaw-Knox  Con¬ 
struction  Company,  Pittsburgh,  Pa.,  is  exclusive 
agent  to  license  this  bark-wood  process. 
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Discussion 

Mr.  G.  E.  Tower  (Forest  Fiber  Products 
Company):  I  would  appreciate  having  your 
comment  on  the  amount  of  time  in  the  press 
for  V^-inch  board;  and  the  kind  of  size  used. 

Mr.  Anderson:  The  time  in  the  press  was  15 
minutes  at  410  degrees  F.  and  20  minutes  at 
375  degrees  F.  When  product  is  sized,  we  use 
resin  size  and/or  a  wax  with  alum  or  sulfuric 
acid.  However,  as  indicated  in  my  talk,  when 
Douglas-fir  bark  is  used,  no  size  is  required. 

Mr.  A.  Wehrle  (Coos  Bay  Lumber  Co.) : 
Did  you  run  any  impact  tests  on  your  board? 

Mr.  Anderson:  We  did  not. 

Mr.  Wehrle:  Was  the  14  minutes  pressing 
cycle  the  actual  time  the  board  was  in  the 
press?  Did  it  include  loading  and  unloading 
time? 

Mr.  Anderson:  No,  14  minutes  at  pressure. 

Mr.  Wehrle:  Have  you  made  any  boards 
larger  than  12  inch  by  12  inch? 

Mr.' Anderson:  Yes,  we  have  made  4  foot  by 
4  foot  iiardboard. 

Mr.^  Wehrle:  What  is  the  color  of  your 
board? 

Mr.  Anderson:  The  color  is  comparable  to 
Masonite  untempered  hardboard. 

Mr.  Wehrle:  You  remarked  that  the  wax 
content  of  the  bark  varied  considerably.  How 
do  you  control  the  water  resistance  properties 
of  the  product  with  this  variation  in  the  bark? 

Mr.  Anderson:  While  the  wax  content  varies, 
the  overall  average  wax  content  is  sufficient  to 
maintain  low  water  absorption  specifications, 
together  with  good  strength  properties. 

Mr.  /.  H.  Grant,  Jr.  (Burritt  Lumber  Sales 
Corp.) :  Can  this  process  be  applied  to  slabs 
and  edging  waste  from  other  species  than 
Douglas  fir,  and  if  so,  to  what  extent?  De¬ 
pendent  on  economic  cost  to  do  so,  is  same 
process  applicable  to  both  hard  and  softwoods, 
and  to  what  extent  is  it  economically  possible 
to  put  such  a  process  of  reclamation  into  eflFect 
at  small  mill  productions. 

Mr.  Anderson:  Yes,  but  small  amounts  of 
size  may  have  to  be  added  to  give  satisfactory 
low  water  absorptions.  The  hardwood  barks 


have  not  been  tried  thus  far.  If  the  small  mills 
have  around  75  tons  of  wood  waste  per  day, 
the  process  should  be  economical. 

Mr.  R.  F.  England  (Washington  Institute  of 
Forest  Products) :  Have  you  noticed  any  diffi¬ 
culties  arising  from  dirt  imbedded  in  the  bark? 
Would  there  be  any  obstacle  to  using  slab  from 
dry  mills  if  slab  were  washed  at  the  hardboard 
mill? 

Mr.  Anderson:  We  encountered  no  difficulty 
with  dirt  in  bark.  The  log  should  be  thoroughly 
washed  prior  to  entering  the  mill.  Then,  as  an 
extra  precaution,  the  slabwood  should  be  also 
washed  to  remove  any  foreign  matter  prior  to 
being  chipped. 

Mr.  R.  W.  Miller  (Simpson  Logging  Co.) : 
Did  the  paracol  wax  sizing  supplement  the 
properties  due  to  the  natural  wax  in  the 
Douglas  fir  bark,  or  is  the  natural  wax  peculiar 
in  itself? 

Mr.  Anderson:  Paracol  wax  did  lower  water 
absorption,  but  it  also  lowered  the  modulus, 
the  synthetic  sizing  wax  acting  like  rosin  size, 
it  lowered  strength  of  boards  proportionately 
to  amount  of  sizing  agent  added. 

Mr.  Grant:  Why  is  the  modulus  of  strength 
so  emphatically  stressed  in  regard  to  soft  and 
hard  board  manufacture?  When  the  greatest 
possible  use  may  well  be  to  simply  cover  space, 
conserve  labor  of  installation,  and  be  available 
in  sufficient  quality  and  demand  at  low  cost  to 
make  it  a  competitive  item  in  this  use.  Also, 
why  has  so  little  been  said  in  regard  to 
moisture-proofing  of  this  product? 

Mr.  Anderson:  Federal  specifications  for  un¬ 
tempered  hardboard  call  for  a  minimum 
modulus  of  6000  psi.  However,  many  of  the 
available  hardboards  do  not  meet  this  modulus 
and  as  you  indicated,  that  strength  is  not  neces¬ 
sary  for  many  applications.  It  is  my  understand¬ 
ing  that  attempts  are  being,  made  to  revise  the 
strength  standards  for  hardboards — to  set  min¬ 
imum  strengths  for  various  end-uses.  In  regard 
to  moisture-proofing  of  our  product,  we  feel 
that  this  is  a  very  important  property  of  fiber 
products,  and  the  hardwood  hardboards  appear 
to  have  better  moisture  resistance  and  b^er 
dimensional  stability  than  most  wood  fiber 
products. 
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Some  Studies  of  Sawdust-Synthetic  Resin 
Combinations  for  Hardboard  Manufacture 


J.  W.  Gottstein 

Division  of  Forest  Products,  Commonwealth  Scientific  &  Industrial  Research  Organization,  Australia 


The  development  of  experimental  technique  for  the  laboratory  production  of  small  test  specimens  of 
sawdust-synthetic  resin  boards  using  untreated  sawdust  and  dry  synthetic  resin  powders  is  described  and  the 
results  of  exploratory  tests  showing  the  effect  of  a  number  of  factors  on  the  quality  of  the  final  produa  are 
given.  The  development  of  a  preforming  technique  for  the  production  of  large  test  samples  with  limited 
equipment  is  also  Mscribed.  Microscopic  examination  of  some  boards  was  made  with  special  reference  to  asso¬ 
ciated  physical  properties. 


Introduction 

N  THE  Australian  sawmilling  industry 
nearly  12  percent  of  the  log  volume  appears 
as  sawdust.  It  is  estimated  that  more 
than  50^000  tons  are  produced  per  month,  of 
which  perhaps  30  percent  only  is  being  used 
effectively  at  the  present  time  for  fuel  and  other 
purposes.  Supplies  are  widely  distributed,  but 
there  are  several  centers  where  large  quantities 
are  available. 

At  the  time  this  experimental  work  was  com¬ 
menced  very  little  published  information  on  the 
properties  of  sawdust-synthetic  resin  combina¬ 
tions  was  available:  and  apart  from  some  very 
limited  work  carried  out  with  a  phenolic  mold¬ 
ing  powder  at  the  Division  of  Forest  Products 
in  1937,  practically  no  information  on  the 
probable  behavior  of  Australian  species  existed. 

Preliminary  inquiry  showed  that  the  price  of 
synthetic  resins,  particularly  urea-based  types, 
was  high  locally,  but  after  consideration  of 
costs,  availability,  and  water  resistance  a  com¬ 
mercially  available  solid  cresylic  resin  was  se¬ 
lected  for  the  initial  work. 

It  was  decided  to  limit  the  sawdust  waste 
used  to  that  of  light  colored  "ash”  type  euca- 
lypts.  Radiata  pine  was  also  used  to  a  limited 
extent  for  reference  purposes  and  in  the  pro- 
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duction  of  large  test  specimens.  These  wastes 
were  readily  available  and  were  believed  to  be 
representative  of  a  high  proportion  of  existing 
and  potential  waste  in  Australia. 

Development  of  Experimental  Technique  for 
Laboratory  Production  of  Small 
Test  Specimens 

A  laboratory  type  Carver  press  was  fitted 
with  electrically  heated  platens  and  a  simple 
molding  die  was  made  to  support  the  sawdust- 
resin  mixture  during  the  forming  and  pressing 
operation.  The  mold  body  and  bottom  plate 
(see  Fig.  1)  when  assembled  formed  a  simple 

! 


« - 
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1 

Fig.  1. — ^Molding  die  for  small  test  specimens. 
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container  for  holding  the  mixture  during  press¬ 
ing.  Breather  holes  were  provided  in  the  ram 
and  a  screen  was  placed  under  the  ram  to  allow 
gases  to  escape. 

To  improve  temperature  distribution  the 
ram  and  mold  body  were  later  fitted  with  elec¬ 
trical  heating  elements  of  600  and  300  watts 
respectively.  The  use  of  thermostatic  control 
and  energy  regulation,  made  it  possible  to  con¬ 
trol  the  temperature  of  all  parts  of  the  speci¬ 
men  discs  to  within  5°  F.  to  10°  F.  of  the 
temperature  specified  for  any  particular  opera¬ 
tion. 

Copper-constantan  thermocouples  at  first 
with  a  potentiometer  and  later  with  a  6  point 
millivoltmeter  were  used  to  observe  the  tem¬ 
peratures  of  press  platens,  ram,  mold  body  and 
test  specimen  during  the  pressing  operation.  To 
measure  temperatures  within  the  board,  thermo¬ 
couples  were  run  through  a  hole  in  the  mold 
body  and  positioned  in  the  mix.  Fig.  2  shows 
a  typical  time-temperature  curve  obtained  on  a 
test  specimen. 

The  general  procedure  used  for  making  a 
test  specimen  was  as  follows: 

(a)  Weighed  amounts  of  sawdust  and  resin 
were  thoroughly  mixed  and  placed  in  the  mold 
body  which  had  first  been  preheated  to  the 
selected  temperature. 

(b)  The  mold,  with  thermocouples  in  place, 
was  then  loaded  into  the  press  as  rapidly  as  pos¬ 
sible,  and  the  required  pressure  applied  within 
one  minute  and  maintained. 

(c)  After  release  of  pressure  the  test  speci¬ 
men  was  ejected  quickly  and  allowed  to  cool  in 
air.  A  light  dusting  of  calcium  stearate  powder 
was  used  to  prevent  sticking  in  the  mold. 

All  resin  contents  were  expressed  as  a  per¬ 
centage  of  the  oven  dry  weight  of  the  sawdust 
used  and  the  small  test  specimens  normally  con¬ 
tained  100  grams  of  wood  substance. 

Exploratory  Tests 
Small  Laboratory  Samples 

Owing  to  the  small  size  of  the  samples,  tests 
were  restricted  to  bending  strength,  water  re¬ 
sistance,  resistance  to  steam,  hardness  and  den¬ 
sity.  The  test  specimen  was  sampled  as  shown 
in  Fig.  3  after  the  thickness  of  the  specimen 
had  been  adjusted  to  a  nominal  %  inch  by 
sanding  the  screened  face.  In  the  bending  test. 


pieces  5  inches  by  2  inches  were  supported  at 
4-inch  centers  and  loaded  at  midspan  at  a  rate 
of  200  pounds  per  minute.  Samples  2  inches 
by  1^  inches  were  obtained  from  each  end  of 
the  broken  piece  for  water  absorption  and 
steaming  tests.  The  remaining  segments  of  the 
original  disc  were  used  for  hardness  tests  and 
for  general  reference  purposes.  The  moisture 
absorption  test  followed  the  general  procedure 
outlined  in  (E.  S.-19)  of  A.  S.  T.  M.  specifica¬ 
tions  for  Thermal  Insulating  Boards  1944,  ex¬ 
cept  that  the  preliminary  treatment  at  160°  F. 
for  24  hours  was  omitted,  and  a  2-  by  1^-inch 
specimen  used  instead  of  the  12 -inch  square 
specified. 

The  steaming  test  samples  were  weighed, 
measured  and  steamed  under  saturated  condi¬ 
tions  at  atmospheric  pressure  for  periods  of 
one-half  hour,  one  hour  and  two  hours.  Calcu¬ 
lations  for  dimensional  and  moisture  content 
changes  were  then  made  on  the  same  basis  as 
for  the  water  absorption  test.  It  was  decided  to 
use  the  results  of  increase  in  weight  after  a 
48-hour  soaking  period,  and  of  increase  in 
thickness  after  the  1-hour  steaming  period  for 
the  study  of  effect  of  process  variables  on  the 
board  properties. 

Hardness  tests  were  carried  out  in  duplicate 
by  dropping  a  1-inch  steel  ball  from  a  height 
of  6  feet  on  the  test  sample  and  the  diameter 
of  impact  was  recorded  by  placing  a  sheet  of 
paper  together  with  a  sheet  of  carbon  paper 
on  top  of  the  board.  The  diameters  of  the 
marks  were  then  measured.  This  test  is  de¬ 
scribed  in  Appendix  G.  of  the  “Building  In¬ 
dustries  National  Council  Code  of  Practice  for 
Laying  of  Magnesite  Composition  Flooring  and 
Dadoes” — March  1938. 

The  effects  of  pressing  time,  temperature, 
sawdust-particle  size,  pressure,  resin-particle  size 
and  moisture  content  of  sawdust  have  been  an¬ 
alysed  on  approximately  100  exploratory  test 
samples.  Unless  otherwise  stated  the  results 
given  in  the  paper  are  for  a  pressure  of  500  psi. 

Three  grades  of  sawdust  were  used  and  these 
were  separated  through  test  sieves  standardized 
in  accordance  with  B.  S.  Specification  410-1943. 
Unless  otherwise  stated  the  results  described  re¬ 
fer  to  "ash”  type  hardwood  sawdusts. 

The  grade  sizes  of  sawdust  used  are  shown 
in  Table  1. 
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Table  1 


Passed  through 

Retained  on 

Mean  size 
shown  on 
figures 

Grade  of 

Sieve 

Aperture 

inchee 

Sieve 

Aperture 

sawdust 

No. 

No. 

inches 

inches 

“Coarse” _ 

8 

0.125 

14 

0.0474 

0.0860 

“Medium”.... 

14 

0.0474 

23 

0.0236 

0.0350 

“Fine” . 

23 

.0.0236 

72 

0.0083 

0.0159 

The  commercial  resin  used,  which  was  of  a 
p-m-cresol-formaldehyde  type,  was  ground  to 
"coarse”  and  "fine”  grades  (see  Table  2). 

Table  2 

Passed  through  Retained  on 

Sieve  Aperture  Sieve  Aperture 
Grade  of  resin  No.  inches  No._.^  inches 

“Coarse” _ _  23  0.0236  40  0.0166 

"Fine” .  72  O.OOSa  . 

In  discussing  the  results  of  the  individual 
factors,  a  selection  of  samples  has  been  made  in 
which  all  factors  other  than  those  under  imme¬ 
diate  consideration  were,  as  near  as  possible,  in 
the  most  favorable  condition.  In  some  instances 
this  has  led  to  severe  limitation  in  the  number 
of  results  used. 

Effect  of  pressing  time.  Results  are  shown  in 
Fig.  4.  Using  a  medium  grade  of  sawdust  at  1 5 
percent  moisture  content,  with  a  10  percent 


resin  content  and  a  temperature  approximating 
400°  F.,  good  strength  values  with  a  mean 
modulus  of  rupture  of  a  little  more  than  5,000 
psi.  were  obtained  in  a  pressing  time  of  10 
minutes.  Pressing  times  of  15  and  25  minutes 
gave  similar  strength  values.  There  was  no  im¬ 
provement  with  longer  times,  and  a  single  speci¬ 
men  pressed  for  50  minutes  fell  in  the  same 
strength  range.  It  is  just  possible  that  a  slight 
falling  off  in  bending  strength  occurs  with  the 
long  pressing  time  at  this  temperature.  Bend¬ 
ing  strength  figures  generally  were  between 
4,000  and  7,000  psi.  although  one  exceptional 
specimen  gave  a  figure  of  7,800  psi.  A  press¬ 
ing  time  of  7  minutes  gave  far  lower  figures, 
presumably  because  of  incomplete  setting  of  the 
resin. 

A  very  high  water  absorption  was  obtained 
after  6  minutes  setting  time,  and  even  after  a 
10  minute  pressing  time  (by  which  time  good 
strength  was  developed),  water  absorption  was 
still  found  to  be  rather  high.  Considerable  im¬ 
provement  was  shown  with  15  minutes  press¬ 
ing,  but  beyond  this  time  the  improvement  be¬ 
came  very  small  and,  it  is  doubtful  whether  the 
slight  additional  improvement  shown  in  Fig.  4 


Time  •  minutes 

Fig.  4. — Effect  of  pressing  time  on  properties. 
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is  significant,  although  observations  after  50 
minutes  pressing  are  in  accordance  with  this 
trend.  The  results  for  board  stability  during 
steaming  were  slightly  more  erratic  but  showed 
a  similar  trend  clearly  indicating  that  a  press¬ 
ing  time  of  15  minutes  is  a  minimum  for  rea¬ 
sonable  stability. 

The  hardness  tests  showed  no  improvement 
after  15  minutes  pressing. 

Effect  of  temperature.  It  was  decided  to  re¬ 
gard  the  ram  and  platen  temperatures,  as  ob¬ 
served  at  6  minutes  or  more  after  application 
of  pressure,  as  representative  of  critical  con¬ 
ditions. 

The  effect  of  temperature  on  bending  strength 
was  not  marked  provided  that  the  resin  was 
properly  set,  and  little  difference  in  bending 
strength  could  be  detected  between  samples  pre¬ 
pared  at  320®  F.  to  440®  F.  assuming  other 
factors  were  held  constant.  This  appears  to  be 
true  for  pressing  times  ranging  from  10  to  25 
minutes. 

The  effect  of  temperature  on  stability  (both 
water  absorption  and  board  expansion  during 
steaming)  is  apparent  (see  Figs.  5  and  6)  and 
all  results  showed  a  trend  favoring  the  higher 


temperatures.  Samples  made  with  a  resin  con¬ 
tent  of  10  percent  and  pressed  at  320®  F.  for 
25  minutes  (see  Fig.  5)  compare  most  unfavor¬ 
ably  with  similar  samples  pressed  at  400®  F. 
to  430®  F.;  and  a  similar  trend  was  noted  in 
boards  pressed  for  12  minutes  (see  Fig.  6), 
although  the  curve  appears  rather  steeper  for 
the  shorter  pressing  time,  indicating  that  in  this 
case  stability  falls  away  more  rapidly  at  a  given 
temperature.  The  best  sample  of  the  series  was 
pressed  at  450®  F,  but  water  absorption  almost 
invariably  fell  below  20  percent  with  samples 
containing  10  percent  of  resin  when  pressed  at 
420®  F.  or  higher. 

The  hardness  and  density  of  the  specimens 
increased  with  increasing  temperature  at  the 
12 -minute  pressing  time.  Where  25  minutes 
pressing  time  was  used,  this  correlation  was 
lost,  but  mean  hardness  results  are  shown  for 
reference. 

Burnt  areas  occurred  in  a  number  of  speci¬ 
mens  at  high  pressing  temperatures,  and  gen¬ 
erally  set  the  limits  of  temperature  for  different 
sets  of  test  conditions.  The  burning  appeared 
to  occur  with  destructive  distillation  of  both 
wood  and  resin,  and  was  apparently  associated 


Fig.  5. — Effect  of  temperature  on  properties — 25-minute  pressing  time. 
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Fig.  6. — Effect  of  temperature  on  properties — 12-minute  pressing  time. 


with  the  exothermic  reaction  of  resin  poly¬ 
merization. 

Attempts  to  use  20  percent  resin  content  at 
pressures  of  500  psi.  produced  burns  at  400°  F. 
and  above;  in  the  iO  percent  resin  content 
groups  at  500  pounds  pressure  the  lowest  maxi¬ 
mum  platen  temperature  at  which  burns  were 
produced  was  430°  F.  and  a  number  of  boards 
gave  no  burning  at  450°  F.  At  pressures  of 
1,000  psi.  with  10  percent  resin  content,  burns 
were  obtained  at  370°  F. 

It  may  be  of  some  interest  to  note  here  that 
in  work  on  the  large  test  samples  with  the  strip 
heater  (referred  to  later  in  the  paper)  where 
hexamine  catalyst  was  used  with  a  "Novolac” 
type  of  cresylic  resin,  the  tendency  to  burn  was 
minimized  by  reduction  in  the  amount  of  cata¬ 
lyst.  This  is  probably  due,  in  part  at  least,  to  a 
retardation  of  setting  rate,  and  hence  of  the 
rate  of  heat  liberation. 


The  effect  of  temperature  upon  color  was 
very  marked.  At  300°  F.  very  little  discolora¬ 
tion  occurred,  but  at  400°  F,  the  boards  were 
quite  brown,  and  at  temperatures  over  420°  F. 
dark  brown  shades  were  obtained  with  hard¬ 
wood  sawdust.  Pine  sawdust  produced  a  lighter 
shade  but  the  trend  was  similar. 

Effect  of  resin  content,  increase  in  strength 
with  increase  in  resin  content  from  2  to  10  per¬ 
cent  is  almost  linear  (see  Fig. -7)  but  at  higher 
resin  contents  the  curve  flattens.  Results  for 
density  show  a  similar  trend. 

Reduction  in  water  absorption  with  increas¬ 
ing  resin  content  for  the  same  sample  group,  is 
also  shown  in  Fig.  7.  Thus  there  is  a  steady 
improvement  to  10  percent  resin  content  but 
little  change  at  15  percent.  Flardncss  also  im¬ 
proves  with  increasing  resin  content  to  10  per¬ 
cent. 
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Effect  of  pressure.  At  a  10  percent  resin  con¬ 
tent  pressures  of  200,  500  and  1000  psi.  were 
used  with  a  medium  grade  of  sawdust.  The  re¬ 
sults  showed  increasing  strength  with  increasing 
pressure  as  demonstrated  in  Fig.  8. 


Results  for  water  absorption  at  the  10  per¬ 
cent  resin  content  showed  little  diflFerence  be¬ 
tween  500  and  1000  psi.  but  the  sample  pre¬ 
pared  at  200  psi.  was  more  than  twice  as  ab¬ 
sorbent.  The  steamed  samples  did  not  show  any 
decided  trend. 
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Fig.  7. — Effect  of  resin  content  on  properties. 


Fig.  8. — EflFect  of  pressure  on  properties. 
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The  similarity  of  density  and  strength  curves 
is  of  interest,  and  hardness  increased  with  in¬ 
creasing  pressure. 

Effect  of  particle  size.  The  medium  grade 
sawdust  gave  the  highest  bending  strength  re¬ 
sults  with  both  coarse  and  fine  grades  of  resin. 
The  mean  values  obtained  for  eight  observa¬ 
tions  with  each  sawdust  and  resin  grade  are 
plotted  in  Fig.  9. 

There  is  evidence  of  a  linear  relationship  be¬ 
tween  water  absorption  and  particle  size  favor¬ 
ing  the  small  particles:  fine-sawdust-fine- resin 
combinations  showing  greatest  consistency  in 
results. 

The  steamed  specimens  gave  very  inconsist¬ 
ent  results  which  are  not  shown  in  the  figure. 

Density  increased  with  reduction  in  sawdust 
particle  size,  and  the  fine  resin  produced  higher 
density  in  all  grades. 

Effect  of  sawdust  moisture  content.  The  in¬ 
dication  was  that  best  strengths  are  not  attained 
until  the  moisture  content  of  the  sawdust  is  in 
the  vicinity  of  10  or  12  percent.  The  values 
plotted  in  Fig.  10  are  averages  of  two  or  more 


observations  and  the  most  consistent  results 
were  obtained  at  a  moisture  content  of  12  per¬ 
cent. 

Results  for  steamed  specimens  were  reason¬ 
ably  consistent,  and  there  was  little  evidence  of 
significant  differences  over  the  range  of  mois¬ 
ture  contents  tested. 

The  similarity  between  the  strength  and 
density  curves  is  of  interest  since  the  lesult  leads 
to  the  inference  that  a  reduced  plasticity  of  the 
wood  at  low  moisture  content  can  have  very 
marked  effects  on  board  density  and  strength. 
Resin  behavior  may  also  be  involved  to  a  lim¬ 
ited  extent. 

Effect  of  species.  The  limited  number  of 
samples  made  from  pine  sawdust  has  not  al¬ 
lowed  full  comparison  of  their  properties  with 
those  of  samples  made  from  hardwood  saw¬ 
dust  (ash  eucalypts)  but  there  is  no  evidence 
of  any  marked  difference  in  strength,  although 
there  is  an  apparent  difference  in  stability. 

In  the  hardwood  specimens  there  was  very 
little  difference  between  the  percentage  increase 
in  thickness  from  one  hour’s  steaming,  and  the 
percentage  increase  in  weight  after  24  hours’ 
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Fig.  9. — Effect  of  particle  size  on  properties. 
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Molstura  Content  -  percent 


Fig.  10. — Effect  of  moisture  content  on  properties. 

water  immersion,  but  in  the  case  of  the  pine  Some  45  boards  were  produced  by  this 
the  water  absorption,  percentages  are  two  to  method  and  the  properties  of  matched  mate- 
three  times  the  values  for  percentage  expansion  rial  of  these  boards  were  in  good  conformity 
in  steam.  with  those  of  the  small  specimens  described 

previously.  The  large  boards  are  being  sub- 
Large  Test  Samples  jected  to  additional  tests  including  wear  tests 

In  order  to  make  a  better  assessment  of  the  as  a  floor  surface  but  results  are  not  yet  avail- 
quality  of  the  material  it  was  decided  to  pro-  able, 
duce  boards  of  a  much  larger  area  in  a  single 

opening  steam  heated  hydraulic  press  with  a  Microscopic  Examination  With  Special 
platen  area  of  36  inches  by  20  inches  and  with  Reference  to  Physical  Properties 

auxiliary  strip  heating,  a  preforming  method  Samples  containing  medium  grade  sawdust 
was  adopted  to  simplify  equipment  and  mini-  proportions  of  2,  6.  10, 

mize  side  flow  during  final  pressing.  Figs.  11  percent  were  used  in  this  study,  and 

and  12  show  the  details  of  the  equipment  used,  sample  which  had  a  coarse  resin  con- 

Boards  made  with  this  equipment  received  a  tent  of  10  percent.  In  all  cases  these  samples 
final  pressing  for  40  minutes,  after  a  preform-  were  pressed  at  400°  F.  for  15  minutes  at  a 

ing  operation  carried  out  at  200°  F.  and  500  pressure  of  500  psi. 

psi.  pressure  for  6  minutes.  Two  techniques  for  examination  were  devel- 

The  long  pressing  period  was  unavoidable  oped  and  in  all  cases  observations  were  made 
with  the  strip  heater  arrangement,  but  most  on  surfaces  normal  to  the  board  face, 
boards  still  showed  a  slight  tendency  to  warp  In  the  first  technique  used  a  solid  section 
after  removal  from  the  press,  possibly  because  was  examined  by  reflected  light  after  first 
of  asymmetric  heating  resulting  from  the  pres-  smoothing  the  specimen  with  a  heavy  sliding 

ence  of  the  screen  against  one  side  of  the  strip  microtome  and  staining  lightly  with  safranin. 

heater.  In  the  second  method  a  heavy  sliding  micro- 
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Cooper'  Strip. 


Fig.  12. — Strip  heater  assembly  during  pressing  operation. 


tome  was  used  to  cut  matched  samples  of  saw¬ 
dust  resin  board  to  a  thickness  of  20  /x,:  again 
a  safranin  stain,  consisting  of  0.1  percent  saf- 
ranin  in  60  percent  alcohol,  was  used.  These 
sections  were  examined  by  transmitted  light. 
It  was  found  that  the  20  ft  sections  were  far 
more  satisfactory  for  the  purpose  although  ref¬ 
erence  to  the  blocks  assisted  in  drawing  conclu¬ 
sions  regarding  fractures. 

Perhaps  the  most  impressive  feature  was  the 
degree  of  orientation  which  had  occurred  in 
the  particles;  in  almost  all  cases  the  long  axis 
of  the  sawdust  particle  was  in  the  same  plane 


as  the  face  of  the  board.  This  is  well  illustrated 
in  Fig.  13. 

The  second  point  of  major,  interest  was  that 
the  amount  of  flow  or  plastic  deformation  oc¬ 
curring  in  the  particles  was  sufficient  to  close 
nearly  all  gaps  in  the  specimens. 

Other  features  were — 

(a)  In  specimens  with  2  percent  fine  resin 
content  only  isolated  particles  and  resin  films 
were  visible. 

(b)  In  specimens  with  6  percent  fine  resin 
content  groups  of  sawdust  were  well  bound  to¬ 
gether  by  thin  films  of  resin  between  the  faces. 
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Fig.  13. — Enlarged  cross  section  of  board  made  with  medium-grade  sawdust  and  10  percent  resin  content 

and  pressed  at  300  psi. 


(c)  In  specimens  with  10  percent  fine  resin 
content  there  was  a  marked  improvement  in 
the  distribution  of  resin  film.  In  a  number  of 
small  cavities  small  accumulations  of  resin  were 
visible,  indicating  that  adjacent  sawdust  particle 
surfaces  had  been  completely  covered  with 
resin.  The  resin  had  apparently  melted  to  a 
liquid  of  low  viscosity  and  penetrated  the  open 
ends  of  fibres.  In  some  cases  this  penetration 
was  noted  to  the  extent  of  30  fibre  diameters. 
The  wood  ray  cells  appeared  to  be  even  more 
readily  penetrated  by  the  resin.  A  section  of  10 
percent  resin  content  material  is  shown  in 
Fig.  13. 

(d)  In  specimens  with  10  percent  coarse 
resin  content  the  poor  resin  distribution  was 
most  apparent.  There  was  generally  a  much  re¬ 
duced  film  of  resin  between  particles  yet,  in 
certain  cases,  quite  large  accumulations  of  resin 
in  cavities. 

(e)  In  specimens  with  15  percent  fine  resin 
content  there  did  not  appear  to  be  a  great  in¬ 
crease  in  the  number  of  thin  resin  films  be¬ 


tween  closely  packed  particles.  There  was, 
however,  a  marked  increase  in  the  resin  accu¬ 
mulation  in  small  cavities. 

Conclusions 

The  examination  of  the  exploratory  test  sam¬ 
ples  prepared  in  the  Carver  press  made  the 
importance  of  certain  factors  clear,  particularly 
the  requirement  of  high  pressing  temperatures 
to  obtain  stability.  Indications  were  that  tem¬ 
peratures  of  430®  F.  to  440®  F.  at  500  psi.  and 
10  percent  resin  content,  approached  the  prac¬ 
tical  maximum  if  a  tendency  to  the  develop¬ 
ment  of  burns  in  the  board  is  to  be  avoided. 
This  result  was  confirmed  in  the  larger  boards 
made  with  the  strip  heater. 

There  were  also  strong  indications  that  ex¬ 
tension  of  the  heating  time  beyond  that  neces¬ 
sary  to  cure  the  resin  was  needed  to  obtain  high 
stability,  and  15  minutes  pressing  appeared  to 
be  the  minimum  effective  period. 

The  most  favorable  resin  content  for  the 
medium  grade  of  sawdust  used  was  in  the 
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vicinity  of  10  percent,  and  little  improvement 
in  properties  occurred  with  higher  resin  con¬ 
tent.  Microscopic  examination  provided  inter¬ 
esting  confirmation  of  this,  since  sections  of 
samples  showed  a  resin  film  covering  most  of 
the  contact  surfaces  of  the  sawdust  particles. 

When  the  moisture  content  was  10  percent 
or  higher,  pressing  at  500  psi.  at  400°  F.  or 
more  caused  a  very  considerable  increase  in 
density  as  compared  with  the  original  wood, 
and  at  the  same  time  insured  intimate  contact 
between  particles  and  effective  use  of  the  resin. 

Moisture  content  appeared  most  important 
in  its  effect  on  plasticity,  and  at  500  psi.  mois¬ 
ture  contents  significantly  lower  than  10  per¬ 
cent  were  apparently  insufficient  to  ensure  good 
contact  between  sawdust  particles  and  speci¬ 
mens  were  lower  in  density  and  strength.  There 
were  indications  that  the  moisture  content  of 
the  sawdust  must  also  have  a  very  important 
effect  on  the  rate  of  heating  of  the  board,  but 
the  exploratory  samples  did  not  permit  exami¬ 
nation  o/  this  factor. 

It  was  found  that  particle  size  of  the  solid 
resin  was  most  important  and  results  generally 
were  strongly  in  favor  of  a  resin  particle  size 
passing  a  72-mesh  sieve,  which  was  the  mini¬ 
mum  grade  tested. 

Discussion 

Mr,  John  H.  Grant,  Jr.  (Burritt  Lumber 
Sales  Company  Inc.):  What  are  the  problems 
of  producing  building  blocks  from  wood  waste, 
using  a  waterproof  binder  suited  to  the  in¬ 
tended  use?  I  have  seen  such  a  product,  and 
believe  that  it  can  be  produced  cheaply  from 
sawdust.  If  the  product  were  available  in  vary¬ 
ing  degrees  of  hardness  and  could  be  remilled 
the  material  would  lend  itself  to  many  uses. 

Mr.  J.  W^.  Gott stein:  In  order  to  produce 
building  blocks  on  a  commercial  scale  hav¬ 
ing  strengths  and  stabilities  approaching  the 
best  obtained  in  the  laboratory  work  outlined 
in  the  paper,  and  using  untreated  sawdust  and 
synthetic  resin  as  the  raw  materials,  would 
probably  require  considerable  modification  to 
the  simple  forming  technique  described.  The 
principal  reason  is  that  sawdust-resin  combina¬ 
tions,  with  suitably  low  resin  contents,  show 
very  poor  flow  characteristics  during  pressing. 


Microscopic  examination  of  the  pressed  board 
gave  confirmation  that,  with  a  coarse  resin 
grade,  resin  distribution  was  unsatisfactory.  On 
the  other  hand,  there  were  clear  indications 
that  the  distribution  obtained  with  a  fine  resin 
grade  was  highly  satisfactory. 

Sawdust  grading  gave  stability  properties 
favoring  medium  and  fine  grades,  and  a  feature 
of  special  interest  was  the  degree  of  orienta¬ 
tion  of  particles  that  occurred  during  the  press¬ 
ing  operation.  This  resulted  in  the  longer  axes 
of  most  particles  being  more  or  less  alined 
with  the  surface  of  the  board.  This  points  to 
the  desirability  of  having  the  longest  axis  of 
the  sawdust  particle  corresponding  to  the  fibre 
direction.  Although  the  importance  of  this  fac¬ 
tor  has  not  been  investigated,  it  is  likely  that, 
for  many  sawdusts,  a  milling  operation  fol¬ 
lowed  by  suitable  screening  would  produce  a  far 
more  desirable  condition  than  simple  sieving. 

It  is  very  possible  that  study  of  the  sawdust 
particle  size  and  shape  could  lead  to  a  board 
with  satisfactory  properties  at  lower  resin  con¬ 
tents.  Specially  prepared  raw  materials  could 
lead  to  even  lower  resin  requirements,  and  the 
study  of  the  optimum  size  and  shape  of  par¬ 
ticle  for  the  developing  of  particular  properties 
at  specific  resin  contents  should  lead  to  sig¬ 
nificant  economies  in  production. 

In  addition,  careful  moisture  content  control 
and  possibly  electronic  preheating  would  be 
necessary'  in  order  to  reach  suitable  resin  curing 
and  sawdust  stabilizing  temperatures  at  the  in¬ 
terior  of  the  block  in  a  reasonable  time. 

Many  other  binders  have  been  tried  in  com¬ 
bination  with  wood  waste,  and  building  blocks 
using  hydraulic  cements  are  being  manufac¬ 
tured  commercially:  the  well  known  Durisol 
product  of  Switzerland  is  an  example.  Qrntrol 
of  physical  properties  within  certain  limits  is 
obtained  by  selection  of  waste,  proportion  of 
cement  and  forming  pressures.  Although  raw 
materials  are  cheap,  setting  of  the  cement  is 
slow  and  labor  costs  can  be  high.  For  exterior 
use  special  consideration  must  be  given  because 
of  movement  associated  with  the  hygroscopic 
properties  of  untreated  wood  particles.  Special 
block  designs  and  construction  methods  have 
been  evolved  and  it  is  understood  that  in  suit¬ 
able  applications  very  good  results  have  been 
obtained. 
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Effect  of  Molding  Temperature  on  the  Strength 
and  Dimensional  Stability  of  Hardboards  From 
Fiberized  Water-Soaked  Douglas-Fir  Chips 

Sidney  L.  Schwartz 
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and 

P.  K.  Baird 
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Forest  Products  Laboratory^  Forest  Service,  U.  S.  Department  of  Agriculture 

The  experiments  reptmed  herein  demonstrate  that  Douglas-fir  hardboatd  prepared  from  pulps  produced  by 
fiberizing  water-soaked  chips  can  be  dried  and  heat-treated  in  one  short  operation  in  a  hot  press  at  temperatures 
in  ex. ess  of  200°  C.  Hardboard  so  produced  has  a  higher  modulus  of  rupture  and  a  better  dimensional 
stability  than  that  produced  at  lower  temperatures. 


Introduction 

The  manufacture  of  hardboard  from  wood 
fiber  usually  involves  steam-cooking  and 
fiberizing  wood  chips,  sizing  the  stock, 
and  forming  pulp  sheets  and  hot-pressing  them 
to  hardboard.  These  boards  can  be  improved  in 
flexural  strength  and  dimensional  stability  by 
impregnation  with  drying  oils  and  by  heat 
treatment  (tempering),  or  by  heat  treatment 
alone  (8).  In  some  instances  synthetic  resins 
are  incorporated  in  the  pulp  stock  to  bring 
about  these  improvements  (J,  2). 

Heat  treatment  of  hardboard  has  been  pio¬ 
neered  in  the  Scandinavian  countries  and  is 
now  general  practice  in  Sweden  (7,  ii).  This 
treatment  probably  stems  from  the  observation 
that  the  effect  of  heat  upon  the  hygroscopicity 
of  wood  is  permanent  (i.5,  17).  The  operation 
is  usually  conducted  at  temperatures  below 
160®  C.  because  of  the  danger  of  spontaneous 
combustion  in  the  kiln  (77).  In  practice,  the 
usual  range  is  from  120®  to  140®  C.,  and  the 
time  consumed  is  from  4  to  5  hours.  The  treat¬ 
ment  makes  the  boards  stronger  but  more 
brittle  (7). 

The  exothermic  decomposition  of  wood  has 
been  found  to  be  appreciable  at  temperatures 
above  270®  C.  (6,  16).  This  report  presents 
the  results  of  a  study  of  the  drying  and  heat 

^  Maintained  at  Madison,  Wis.,  in  cooperation  with 
the  University  of  Wisconsin. 


treating  of  hardboards  in  one  operation  in  a 
hot  press  somewhat  below  that  temperature, 
that  is,  in  the  range  of  180®  to  240®  C. 

Material 

The  pulp  stock  used  in  this  study  was  pre¬ 
pared  from  the  incipiently  decayed  heartwood 
of  an  old-growth  Douglas-fir  log  (shipment 
2655,  lot  2),  but  chemical  analysis  and  sulfate¬ 
pulping  experiments  on  this  wood  indicated  it 
had  but  little,  if  any,  degradation  (70).  This 
log  was  representative  of  wood  that  had  been 
infected  by  a  fungus.  Fames  pint  (white  pocket 
rot),  and  that  is  not,  therefore,  generally  suit¬ 
able  for  lumber  manufacture.  Profitable  utiliza¬ 
tion  of  such  wood  is  desirable,  since  extensive 
forest  stands  of  this  type  exist  in  Oregon. 

The  chips  were  water-soaked  and  fiberized 
in  a  36-inch  double-rotating  disk  mill  under 
conditions  that  favored  brushing  more  than 
cutting.  The  energy  consumed  in  milling  was 
about  44  horsepower-days  per  ton  of  wood 
(moisture-free  basis). 

The  drainage  characteristic  of  the  stock  was 
determined  in  a  Williams  precision-model  free¬ 
ness  tester.  An  8.6-gram  sample  of  stock, 
moisture-free  basis,  was  used  to  simulate  board¬ 
making  procedure  (.5),  and  the  test  was  con¬ 
ducted  at  a  temperature  of  20®  ±  1®  C,  The 
observed  freeness  value  of  146  seconds  is  ap¬ 
proximately  the  upper  limit  permissible  for  con¬ 
ventional  lx)ard-machine  operation  (5),  and  is. 
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moreover,  undoubtedly  greatly  in  excess  of  that 
of  stocks  usually  employed  in  hardboard  plants. 
The  pulp  fractionation  was  conducted  in  a 
multiple-diaphragm  plate  screen  (Appleton  se¬ 
lective  screen)  {13).  The  weight  of  the  test 
sheets  on  the  basis  of  a  ream  of  500  24-  by  40- 
inch  sheets  was  340  pounds.  The  bursting  and 
tensile  strengths  were  corrected  to  a  sheet  den¬ 
sity  of  0.3  gram  per  coibic  centimeter  on  the 
basis  that  these  strengths  vary  directly  with 
density  (3).  The  screen  analysis  of  the  pulp 
and  the  strengths  of  test  sheets  were: 

Screen  analysis:  Percent 

Retained  on  24-mesh  screen _  31.3 

Retained  between  24-  and  42-mesh  screen  18.0 
Retained  between  42-  and  80-mesh  screen  12.3 
Retained  between  80-  and  150-mesh  screen  l4.3 

Passing  through  150-mesh  screen _  24.1 

Bursting  strength _ Pts./lb./ream  0.063 

Tensile  strength _ Lb./sq.  in.  280 

Hardboard  Preparation 

Hardboards,  nominally  ^  inch  in  thickness 
and  81/2  inches  in  diameter,  were  prepared  by 
hot-pressing  wet,  unsized  pulp  mats.  The  pulp 
mats  were  formed  in  an  8. 5 -inch-diameter  pres¬ 
sure  mold  described  previously  (14).  A  calcu¬ 
lated  amount  of  pulp  and  a  portion  of  the 
water  were  mixed  with  a  high-speed  propeller- 
type  stirrer.  The  stock  was  charged  to  the  mold, 
(liluted  to  1  percent  consistence,  and,  before 
the  mat  was  formed,  was  agitated  with  com¬ 
pressed  air.  The  mats  were  cold-pressed  at  750 
pounds  per  square  inch  before  they  were  hot- 
pressed. 

Each  prepressed  mat  was  placed  on  a  16- 
mesh  galvanized-wire  screen  between  copper 
cauls  and  hot-pressed  in  a  125-ton  press  that 
had  14-  by  l4-inch  platens.  The  press  was 
heated  by  means  of  a  Dowtherm  unit  to  attain 
the  high  temperature  used.  A  thermocouple, 
inserted  in  the  mat  about  1  inch  from  the  edge, 
was  used  to  determine  the  temperature  of  the 
pressing.  The  wire  and  the  top  caul  were  lubri¬ 
cated  with  montan  wax  to  prevent  the  board 
from  sticking  to  them.  In  all  cases  a  1 -minute 
breathing  period  was  included  in  the  pressing 
schedule,  during  which  interval  the  pressure 
was  dropped  100  pounds  per  square  inch.  In 
most  instances  this  interval  occurred  between 
the  second  and  third  pressing  minutes.  In  the 
180°  C.  series,  the  breathing  period  was  be¬ 
tween  the  third  and  fourth  minute. 


Twelve  groups,  of  four  hardboards  each, 
were  made,  for  the  time-temperature  series.  The 
boards  were  pressed  at  750  pounds  per  square- 
inch  at  maximum  temperatures  of  180°,  200°, 
220°,  and  240°  C.  for  periods  of  5,  25,  and  75 
minutes.  The  approximate  time  to  maximum 
temperature  varied  from  5  minutes  at  the  high¬ 
est  temperature  schedule  to  8  minutes  at  the 
lowest  temperature  schedule. 

Hardboard  Testing 

The  boards  were  tested  for  flexural  proper¬ 
ties,  toughness,  dimensional  stability,  and  water 
absorption.  Each  board  furnished  two  static¬ 
bending  specimens,  6  by  1^  inches,  cut  from 
the  center  portion;  two  toughness  specimens,  6 
by  1/2  inches;  and  two  dimensional-stability 
specimens,  3  by  1  inches.  One  of  the  static¬ 
bending  specimens  from  each  board  was  subse¬ 
quently  cut  to  3  by  1  inches  and  used  for  the 
water-absorption  test. 

Static  Bending 

The  specimens  were  tested  in  static  bending 
according  to  the  Forest  Products  Laboratory 
procedure  (4). 

The  modulus-of-rupture  values  were  adjusted 
to  a  specific  gravity  of  1.0  on  the  basis  of  vary¬ 
ing  as  the  square  of  the  density  {18).  The 
modulus-of -elasticity  values  were  also  adjusted 
to  a  specific  gravity  of  1.0.  It  was  assumed  that 
the  stiffness  of  the  boards  varied  as  the  1.5 
power  of  the  specific  gravity  on  the  basis  of  the 
variations  observed  in  wood  (9)  and  in  fiber- 
boards  {18).  The  specific  gravity  of  the  speci¬ 
mens  varied  from  0.96  to  1.09,  and  the  aver¬ 
aged  values  of  the  groups  varied  from  1.00 
to  1.06. 

Toughness 

The  toughness  tests  were  made  on  the  tough¬ 
ness-testing  machine,  of  intermediate  capacity, 
that  is  available  at  the  Forest  Products  l.abora- 
tory.  This  machine,  originally  designed  for 
testing  wood,  is  of  a  pendulum  type  and,  as 
adapted  for  these  tests,  measures  energy  re¬ 
quired  to  break  a  i/^-inch-wide  unnotched  nom¬ 
inal  ^-inch  specimen  on  a  span  of  2I/2  inches. 

The  boards  were  approximately  0.150  inch 
thick,  and  the  toughness  values  were  adjusted  to 
a  thickness  0.125  upon  the  assumption  that  the 
values  varied  as  the  square  of  the  thickness. 
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The  adjustment  did  not  cause  any  significant 
changes  in  the  relative  toughness  values. 

Dimensional  Stability 
Against  Moisture  Vapor 

For  the  dimensional-stability  test,  specimens 
were  conditioned  for  24  hours  in  an  oven  main¬ 
tained  at  a  temperature  of  50°  C.,  cooled  in  a 
desiccator,  weighed,  and  measured  for  thick¬ 
ness  and  length  at  marked  points  to  the  nearest 
0.001  inch.  The  samples  were  then  placed  in 
an  atmosphere  maintained  at  97  percent  rela¬ 
tive  humidity  and  at  a  temperature  of  80°  F. 
for  34  days,  after  which  they  were  weighed  and 
measured.  The  specimens  were  air-dried  and 
were  then  oven-dried  at  a  temperature  of  50°  C. 
for  24  hours,  and  were  then  cooled  in  a  desic¬ 
cator,  after  which  deviations  from  the  original 


conditioned  weights  and  measurements  were 
noted. 

The  dimensional-stability  data,  except  linear 
expansion,  were  adjusted  to  a  specific  gravity  of 
1.0.  Ogland  (12)  found  that  swelling  and  re¬ 
covery  increased  with  density  but  that  linear 
expansion  was  not  affected.  It  was  assumed 
that  for  small  variations  in  density  the  dimen¬ 
sional-stability  values  varied  directly  with  the 
density.  The  average  specific  gravity  of  the 
various  groups  of  specimens  ranged  from  1.01 
to  1.03. 

Water  Absorption 

Water-absorption  test  samples  were  weighed 
and  immersed  for  24  hours  under  1  inch  of 
distilled  water  maintained  at  a  temperature  of 
70°  ±  5°  F.  At  the  end  of  the  immersion 


DIMENSIONAL- STABILITY  DATA 


Fig-  1- — The  effect  of  molding  temperature  on  the  strength,  dimensional  stability,  water  absorption,  and  weight 
of  hardboards  made  from  fiberized  water-soaked  Douglas-hr  chips. 
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period,  the  excess  surface  water  was  removed 
by  means  of  a  damp  cloth  and  the  samples  were 
weighed  again.  The  weight  of  absorbed  water 
was  expressed  in  percentage  of  the  initial 
weight. 

Discussion  of  Results 

The  temperature  of  molding  was  found  to 
have  a  pronounced  effect  on  the  properties  of 
hardboards.  The  flexural  properties  of  the 
boards  were  substantially  increased  by  increas¬ 
ing  the  molding  temperature  from  180®  to 
240®  C.,  while  the  toughness  was  markedly 
reduced.  Increasing  the  molding  temperature 
increased  the  dimensional  stability  in  thickness 
(swelling  and  recovery)  and  decreased  the 
water  absorption  of  the  boards.  These  changes 
were  accompanied  by  a  decrease  in  weight  and 
darkening  of  the  dried  boards.  The  data  are 
graphically  presented  in  Fig.  1. 

The  modulus  of  rupture  of  the  hardboards 
plotted  against  maximum  temperatures  for 
molding  periods  of  5,  25,  and  75  minutes  gave 
a  series  of  curves  that  show  or  indicate  a  maxi¬ 
mum  flexural  strength  of  7,200  to  7,400  pounds 
per  square  inch.  The  temperature  of  the  maxi¬ 
mum  strengths  decreased  as  the  time  of  mold¬ 
ing  increased.  Thus  it  appears  that  at  the 
5-minute  period  the  probable  optimum  molding 
temperature  would  be  250®  C,  at  the  25-minute 
period  about  230®  C.,  and  at  the  75-minute 
period  about  227®  C. 

Molding  temperatures  higher  than  200®  C. 
greatly  stiffened  and  embrittled  the  boards,  as 
indicated  by  the  increase  in  modulus  of  elas¬ 
ticity  and  the  decrease  in  toughness.  This  effect 
was  not  so  pronounced,  however,  at  the  5 -min¬ 
ute  period  as  in  the  longer  heating  period. 


The  percentage  changes  in  the  properties  of 
the  hardboards  brought  about  by  raising  the 
molding  temperature  from  180®  to  240®  C.  for 
the  several  periods  are  given  in  Table  1.  Linear 
expansion  was  unaffected  by  the  temperature  or 
time  of  molding.  With  a  molding  time  of  5 
minutes  the  increase  in  temperature  caused  an 
increase  of  32  percent  in  flexural  strength,  19 
percent  in  stiffness,  33  percent  in  water  resist¬ 
ance,  and  a  decrease  of  27  percent  in  thickness. 
These  changes  were  accompanied  by  a  slight 
loss  in  the  weight  of  the  boards  and  a  decrease 
of  25  percent  in  toughness.  Molding  for  peri¬ 
ods  at  maximum  temperatures  of  25  and  75 
minutes  produced  further  improvements  in 
stiffness,  water  resistance,  and  thickness  stabil¬ 
ity,  but  little  or  no  improvement  in  flexural 
strength  and  an  additional  decrease  in  tough¬ 
ness. 

Ogland  (11)  found  that  hardboard  heated 
under  molten  metal  decreased  in  flexural 
strength,  while  hardboard  heated  in  air  under 
comparable  conditions  increased  20  to  30  per¬ 
cent.  This  difference  can  be  attributed  to  the 
retention  of  pyroligneous  acids  in  the  board  by 
the  heat  of  molten  metal  and  the  subsequent 
degradation  of  the  material.  The  effects  of  heat 
treating  on  hardboard  in  a  press  were  found 
to  be  similar  to  those  produced  by  heating  in 
air.  Ogland  (11)  has  presented  data  to  indi¬ 
cate  that  the  changes  in  the  properties  of  hard¬ 
board  are  due  to  the  action  of  heat  on  the  hemi- 
cellulose  component. 

Incipient  fungus  growth  after  34  days’  ex¬ 
posure  in  an  atmosphere  at  97  percent  humid¬ 
ity  and  at  a  temperature  of  80®  F.  was  exhib¬ 
ited  by  all  boards  molded  at  240®  C.,  irrespec¬ 
tive  of  the  length  of  the  molding  period.  Boards 


Table  1. — The  Effect  of  Increasing  Molding  Temperature  From  180®  to  240®  C.  on  the  Properties  of 
Unsized  Hardboards  From  Fiberized  Water-Soaked  Douglas-Fir  Chips 

ChiinKe  in  properties  on  increasing  the  moiding  temperature  from  180°  to  240°  C. 

Dimensional  changes 


Strength 

Conditioned  stated 

Redried  state-'* 

Time  at  Modulus  Modulus 
maximum  of  of 

temperature  rupture  elasticity 

FPL 

toughness 

Water 

absorption 

Length 

Thickness 
(swelling  and 
recovery) 

Weight 

Length 

Thickness 

(recovery) 

Weight 

Weight 

loss' 

Minutes 

Percent  Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

6 

-i-32  -119 

-26 

-33 

0 

—27 

—16 

-26 

-52 

-67 

1.4 

26 

-1-87  +28 

—43 

—42 

0 

-42 

-22 

—76 

-66 

-50 

4.1 

75 

+20  +34 

-49 

—66 

0 

-60 

—24 

67 

—71 

—79 

6.8 

>  Weight  of  hardboards  produced  at  180°  C.  taken  as  148  grams  in  all  cases. 

-Specimens  dried  originally  at  60°  C.  for  24  hours.  Conditioned  at  97  percent  humidity  and  80°  K.  for  34  days. 

» Deviations  from  the  original  dry  conditions  after  redrying  at  atmospheric  conditions  followed  by  24  hours  of  drying  at  50°  C. 
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molded  at  temperatures  of  180®,  200®,  and 
220®  C.  were  unaflFected.  Whether  the  obser¬ 
vation  has  significance  or  not  is  not  known. 
However,  since  heat  treating  of  wood  has  been 
advocated  as  a  means  of  improving  its  decay 
resistance  {16),  this  converse  observation  is 
recorded. 

Summary  and  Conclusions 

Strong  hardboard  was  made  from  stock  pre¬ 
pared  by  fiberizing  water-soaked  Douglas-fir 
chips.  The  hardboard  was  made  without  re¬ 
sorting  to  steam-cooking,  the  incorporation  of 
synthetic  resins,  or  prolonged  heat  treatment  of 
the  board.  The  drying  and  heat-treating  were 
achieved  in  one  short  operation  in  a  hot  press 
by  means  of  high  molding  temperatures.  Since 
the  temperature  of  exothermic  decomposition  is 
not  appreciable  below  270®  C.,  it  appears  that 
molding  temperatures  in  excess  of  240®  C. 
could  be  used.  Under  such  conditions  the  mold¬ 
ing  could  be  less  than  10  minutes. 

The  increases  in  flexural  strength  and  in  sta¬ 
bility  in  thickness  (swelling  and  recovery) 
were  comparable  to  those  obtained  in  the  com¬ 
mercial  4-  to  5-hour  kiln-drying  procedure. 
The  flexural  strength  increase  was,  however, 
considerably  below  that  secured  by  means  of 
tempering.  Raising  the  maximum  temperature 
from  180®  to  240®  C.  for  a  5-minute  molding 
period  increased  the  flexural  strength  32  per¬ 
cent;  stiffness,  19  percent;  water  resistance,  33 
percent;  and  decreased  swelling  and  recovery  27 
percent  upon  humidification.  Molding  for  peri¬ 
ods  at  maximum  temperatures  of  25  and  75 
minutes  gave  further  improvements  in  stiffness, 
water  resistance,  and  thickness  stability,  but  lit¬ 
tle  or  no  improvement  in  flexural  strength  and 
an  additional  decrease  in  toughness.  Linear  ex¬ 
pansion  was  unaffected  by  the  termperature  or 
time  of  molding. 
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Douglas  Fir  Substitutes  for  the  British  Columbia 
Plywood  Industry 

John  Bene 

Western  Plywood  Co.,  Ltd.,  Vancouver,  B.  C. 

The  supply  of  Douglas  fir  Ioks  Yielding  good  face  veneers  is  dwindling  rapidly  in  British  Columbia. 
There  is  no  shoruge  of  logs  suitable  for  core  veneers.  Other  B.  C.  coniferous  species  are  not  too  well  suited 
for  face  veneer  produaion.  Face  veneers  from  hardwoods  of  the  East  and  South  of  North  America,  and  from 
the  Tropics,  and  from  hardwood  trees  grown  on  the  West  Coast,  will  permit  the  industry  to  maintain  present 
production  and  expand  further. 


Status  of  Douglas  Fir  Peelers 

HE  annual  cut  of  Douglas  fir  logs  on  the 
British  Columbia  coast  amounts  to  one 
and  one-half  billion  board  feet.  Ten  per¬ 
cent  of  this  is  used  for  plywood,  producing 
the  equivalent  of  about  300  million  square  feet 
on  a  three-eighths  inch  basis.  This  is  sold  for 
more  than  thirty  million  dollars.  Twenty-five 
hundred  men  are  employed  to  convert  logs  into 
plywood. 

If  you  ask  a  plywood  plant  log  buyer  what 
kind  of  log  he  wants,  he  will  tell  you  "only 
the  best”.  Further  questions  will  reveal  that 
the  true  minimum  requirements  are:  a  log  with 
diameter  of  more  than  20  inches,  reasonably 
round,  reasonably  straight,  free  from  large 
checks  with  as  few  knots  as  possible.  Usually 
a  log  with  knots  on  one  side,  1^  inches  or  less 
in  diameter,  is  acceptable. 

The  most  important  requirement  is  undoubt¬ 
edly  the  texture.  Only  old-growth,  close- 
grained  fir  logs  make  good  face  veneer.  If  the 
log  comes  from  a  rapid-grown  tree,  the  veneer 
will  be  rough  and  the  difference  between  sum- 
merwood  and  springwood  will  be  too  pro¬ 
nounced.  If  the  log  comes  from  a  tree  grown 
on  a  poor  site,  exposed  to  the  wind,  it  will 
have  too  hard  a  grain,  and  often  show  spiral 
grain  and  shakes.  If  the  log  comes  from  an 
aged  tree  it  may  contain  rot  pockets,  incipient 
decay,  or  the  wood  may  be  too  dry  to  cut  into 
smooth,  high-grade  face  veneers.  The  most 
suitable  logs  are  those  from  trees  grown  in  a 
sheltered  location  with  good  soil,  in  dense 
Stands  200—400  years  old.  In  such  favorable 
conditions  about  50  percent  of  the  stand  may 
be  suitable  for  rotary  cutting;  the  balance  will 
be  too  poorly  shaped,  too  knotty  or  otherwise 


too  defective,  to  make  its  use  for  plywood 
worthwhile. 

It  is  estimated  by  the  writer  that  about  5  per¬ 
cent  of  the  total  merchantable  fir  timber  in 
British  Columbia  will  make  good  peelers.  Even 
by  the  most  optimistic  estimates,  the  old-growth 
fir  timber  will  be  cut  out  within  25  years  and 
the  top  grade  timber  is  being  cut  twice  as  fast 
as  the  average  for  the  species. 

So  called  "second-growth”  fir  grown  in  man¬ 
aged  stands,  probably  will  not  yield  satisfactory 
face  veneers.  A  rotation  of  80-150  years  will 
be  too  short  a  time  to  develop  a  good  veneer 
log,  and  the  growth  rate  in  a  managed  stand 
will  probably  be  too  fast  to  make  a  truly  satis¬ 
factory  veneer.  Within  ten  years  most  plywood 
plants  will  be  forced  to  look  for  face  material 
other  than  fir,  and  some  plants  much  sooner 
than  this. 

It  can  be  argued  that  the  technicjue  of  utiliz¬ 
ing  low-grade  logs,  jointing  the  narrow,  clear 
veneer  components,  patching  veneers,  and  the 
like  will  enable  us  to  use  a  much  larger  per¬ 
centage  of  fir  logs,  and  we  can,  therefore,  ex¬ 
tend  our  supply.  Bear  in  mind,  however,  that 
with  the  development  of  hardboards  and  core¬ 
boards,  made  from  granulated  wood  and  wood 
fiber  at  about  one-half  the  present  cost  of  ply¬ 
wood,  the  chief  reason  for  buying  plywood  will 
be  its  attractive,  workable  face  veneer.  If  the 
quality  of  the  face  grade  veneers  is  lowered  too 
much,  and  thereby  detracts  from  their  decora¬ 
tive  value,  synthetic  materials  will  he  substi¬ 
tuted  for  plywood. 

There  is  more  fir  plywood  produced  on  this 
continent  than  all  other  types  combined.  The 
reason  for  this  has  been:  (1)  the  adequate 
accessible  supply  of  large-sized  logs,  (2)  the 
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ease  with  which  such  logs  can  be  converted 
into  plywood  (they  can  be  rotary-cut  without 
steaming  or  other  preparation;  they  can  be 
dried  within  very  wide  temperature  ranges  and 
to  very  low  moisture  content  and  still  stay  flat; 
and  it  is  relatively  easy  to  bond  them),  and 
(3)  fir  plywood  is  moderately  light,  warp- 
resistant,  and  reasonably  attractive,  and  it  is 
produced  in  uniform  grades  and  standard  sizes. 

Fir  plywood,  however,  has  a  number  of  dis¬ 
advantages  over  other  types  of  plywood  and  in 
fairness  these  should  be  mentioned.  The  pro¬ 
nounced  difference  between  springwood  and 
summerwood  makes  it  difficult  to  finish;  the 
grain  will  show  through  even  under  many  coats 
of  paint,  and  it  does  surface  check  easily  if 
exposed  to  extreme  changes  of  temperature  and 
humidity. 

If  the  assumption  is  correct  that  existing 
Douglas  fir  peeler  log  supplies  will  be  ex¬ 
hausted  soon,  and  that  few  peelers  will  come 
from  the  young,  managed  forests,  then  industry 
must  look  for  substitute  materials  or,  in  due 
course,  close  shop. 

Other  West  Coast  Conifers 

So  far  investigation  has  been  centered  mainly 
on  the  use  of  coniferous  species  other  than  fir. 
There  is  a  huge  amount  of  hemlock  and  cedar 
available  from  old-growth,  rather  high-quality 
stands.  If  these  woods  could  be  turned  into 
good  plywood  in  existing  plants,  although  it 
might  not  solve  our  problem,  it  would  prolong 
the  supply  substantially.  Unfortunately,  there 
are  many  difliculties  to  be  overcome  in  using 
either  hemlock  or  cedar.  Green  hemlock  veneer 
is  much  wetter  than  fir  veneer,  so  that  the 
plant  drying  capacity  must  be  increased  to  sus¬ 
tain  fir  production  figures.  Veneer  lathe  knives 
must  be  ground  to  a  very  long  bevel  in  order 
to  cut  hemlock  veneers  smoothly.  On  the  other 
hand  hemlock  knots  are  extremely  hard  on 
knives  and  will  chip  the  long-bevelled  knife 
easily.  Hemlock  from  many  districts  cannot  be 
cut  smoothly,  at  least  not  without  steaming, 
and  when  sanded  some  of  the  grain  will  shell 
out.  Even  surface-clear  logs  will  frequently 
contain  a  large  number  of  bark  pockets.  Ply¬ 
wood  made  with  hemlock  cores  will  not  be 
quite  as  warp-resistant  as  fir-cored  plywood. 

One  advantage  of  hemlock  plywood  is  its 
lower  shipping  weight  which  results  in  consid¬ 


erable  freight  savings  when  it  is  shipped  over 
long  distances. 

There  are  few  cedar  logs  which  can  be  peeled 
readily.  Only  very  old  cedar  logs  are  surface 
clear,  and  many  of  these  contain  heart  rot 
which  prevents  the  log  being  held  in  a  lathe. 
Quarter  slicing  is  found  to  be  a  more  satisfac¬ 
tory  method  of  making  clear  cedar  veneers  but 
this  is  a  slow,  costly  process. 

The  true  firs  (balsam,  noble  fir,  etc.)  arc 
another  group  of  woods  which  have  been  used 
to  a  small  extent  for  plywood  manufacture. 
These  species  present  much  the  same  problems 
as  hemlock. 

It  should  be  emphasized  that  a  continued  and 
practically  unlimited  source  of  good  plywood 
core  material  exists  now  and  will  exist  in  the 
future.  A  slow-grown  or  even  reasonably  fast- 
grown  fir  with  small,  tight  knots  will  make  an 
easily  dried,  easily  bonded  core  which  is  fairly 
light  in  weight  and  resistant  to  twisting. 

Hardwoods 

Attractive  face  veneer  for  fir  core-stock  will 
come  more  and  more  from  hardwoods  grown 
partly  in  Canada  and  the  United  States  and 
partly  in  the  tropics.  An  increasing  amount  of 
synthetic  decorative  and  abrasion-resistant  fac¬ 
ing  materials  will  be  used  also. 

One  advantage  of  hardwoods  for  faces  is 
that  these  can  be  grown  more  favorably  in 
managed  stands.  Due  to  the  cell  structure  of 
hardwoods  fast  growth  and  a  consequent  high 
percentage  of  summerwood  does  not  affect  the 
uniformity  of  the  wood.  As  a  matter  of  fact, 
ring  porous  hardwoods  are  tougher  if  they  are 
grown  faster. 

The  most  obvious  source  of  supply  for  hard¬ 
wood  veneers  is  the  eastern  and  southeastern 
United  States  and  the  eastern  provinces  of  Can¬ 
ada.  A  great  many  plants  there  make  veneers 
from  birch,  maple,  elm,  yellow-poplar,  gum, 
and  other  species.  Even  now  a  fair  amount  of 
these  veneers  is  used  for  facing  fir  cores.  The 
production  of  these  east-west  combination  pan¬ 
els  may  be  expected  to  increase  further,  but 
there  are  many  diffiailties  to  overcome.  Hard¬ 
wood  logs  are  bucked  mostly  to  10-16  foot 
lengths  in  the  woods.  They  are  very  tapered 
and  of  relatively  small  diameter.  Therefore,  it 
is  wasteful  and  difficult  to  produce  a  large  per¬ 
centage  of  8-foot  long  face  veneers. 
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The  great  proportion  of  fir  plywood  is  pro¬ 
duced  with  the  grain  of  the  face  veneer  run¬ 
ning  in  the  8-foot  dimension.  In  many  cases  it 
would  be  possible  to  make  a  panel  equally  use¬ 
ful,  and  only  slightly  mote  expensive,  if  the 
grain  direction  was  reversed  so  that  the  face 
veneers  would  need  be  only  4  feet  long.  The 
acceptance,  by  the  public,  of  these  so-called 
short-grain  panels  is  one  step  that  must  be 
achieved  before  the  manufacture  of  hardwood¬ 
faced  panels  can  increase' substantially. 

Another  point  against  a  rapid  increase  of 
hardwood  faces  on  fir  cores  is  the  fact  that  a 
large  percentage  of  hardwood  veneers  produced 
is  unsuitable  for  face  stock  because  it  is  too 
defective.  The  eastern  and  southern  furniture 
and  plywood  plants  can  use  low-grade  veneers 
together  with  high  grade,  but  west  coast  plants 
want  to  purchase  high-grade  veneers  only. 

Several  attempts  have  been  made  by  west 
toast  plywood  plants  to  control  eastern  veneer 
producers  and  direct  their  long  and  high-grade 
veneers  to  the  west  coast.  In  most  cases  it  has 
been  found  more  profitable  to  merchandise  all 
of  the  veneers  in  the  east. 

There  is  better  opportunity  to  secure  suitable 
face  veneers  from  tropical  countries.  Many 
trees  in  the  tropics  grow  in  the  shape  of  an 
umbrella.  Between  the  air  roots  and  the  first 
horizontal  branches  there  is  often  a  clear  trunk 
of  60  feet  or  more  which,  in  many  instances, 
is  suitable  for  the  production  of  very  high- 
grade  veneers.  One  serious  difficulty  is  that  the 
time  elapsing  between  the  falling  of  the  tree 
and  the  manufacture  of  the  logs  into  veneers 
must  be  kept  to  a  minimum;  otherwise,  insect 
infestation  will  substantially  reduce  their  value. 
In  general  these  tropical  areas  must  rely  on 
seasonal  river  transportation  to  bring  the  logs 
to  the  mill,  the  deterioration  in  transit  is  un¬ 
predictable  and  generally  great. 

West  Africa  is  the  most  important  area  where 
logs,  veneers,  and  plywood  of  tropical  species 
are  produced  today.  In  the  Belgian  Congo,  and 
in  French  and  British  African  colonies,  large 
firms  are  operating  lumber,  plywood,  and  veneer 
mills,  and  almost  daily  new  ones  are  added  to 
their  number.  Unfortunately  for  North  Amer¬ 
ica  the  market  for  their  products  is  excellent  in 
Europe  because  the  plywood  can  be  bought  for 
soft  currency.  Consequently  the  producers  are 


not  too  anxious  today  to  cater  to  North  Ameri¬ 
can  markets. 

The  Philippines  do  supply  a  substantial 
amount  of  hardwood  in  the  form  of  logs  and 
veneer.  There  are  large,  unexploited  timber  re¬ 
sources  of  very  suitable  softwoods  and  hard¬ 
woods  in  Central  and  South  America,  and  in 
the  South  Pacific.  When  the  political  situation 
becomes  more  stable  there  will  be  an  increased 
flow  of  logs  and  veneers  from  this  part  of  the 
world. 

Perhaps  the  least  spectacular  but  a  poten¬ 
tially  important  source  of  face  veneers  is  from 
hardwood  logs  grown  in  the  western  part  of 
North  America.  On  the  West  Coast  hardwoods 
do  not  grow  in  large,  clear  stands  and  the  total 
volume  shown  by  cruising  is  only  a  small  per¬ 
centage  of  the  total  timber  volume.  There  is  a 
fairly  large  volume  of  cottonwood  (Populus 
irichocarpa)  growing  along  river  banks  and  on 
islands  in  shallow  rivers.  Without  management, 
much  of  it  is  either  too  poorly  shaped,  too 
knotty  or  too  old  to  be  of  any  use  other  than 
for  pulp.  It  is  estimated  that  not  more  than  3 
percent  of  the  total  merchantable  volume  of 
cottonwood  can  be  cut  economically  into 
veneers. 

Birch  (Betula  papyrifera  var.  occidentalis) 
grows  throughout  British  Columbia  except  for 
Vancouver  Island.  Usually  it  is  interspersed 
with  other  species  and  has  a  tendency  to  sprout 
several  stems  from  the  same  root,  thereby  grow¬ 
ing  like  a  bush  and  developing  several  crooked, 
poorly  shaped  trunks.  If  birch  stands  are 
thinned,  the  remaining  trees  will  grow  very 
quickly  and  develop  high-grade  logs  suitable 
for  veneer  in  40  to  60  years. 

Substantial  amounts  of  maple  (^Acer  macro- 
phyllum)  and  alder  (Alms  ruhra)  grow  in 
British  Columbia.  In  unmanaged  stands  only  a 
small  percentage  (sometimes  only  a  fraction  of 
1  percent)  will  develop  a  trunk  suitable  for 
veneer;  however,  all  respond  very  well  to  man¬ 
agement,  and  the  volume  of  hardwood  peelers 
could  be  increased  within  a  relatively  few  years. 

Little  has  been  done  on  the  West  Coast  to 
establish  hardwoods  which  are  not  native.  I 
believe  very  much  could  be  achieved.  Black 
walnut,  yellow-poplar,  hard  maple,  and  a  great 
many  other  species,  will  grow  readily  here,  and 
would  make  excellent  plywood  material  in  one- 
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half  the  time  that  is  required  for  a  coniferous 
tree  to  become  merchantable. 

Very  promising  experiments  have  been  con¬ 
ducted  in  the  hybridization  of  new  varieties  of 
hardwoods  that  will  combine  fast  growth  with 
excellent  texture  and  good  form.  In  Denmark, 
where  the  climate  is  similar  to  that  of  the  Pacific 
Northwest,  a  species  of  poplar  which  will  in¬ 
crease  an  inch  in  diameter  and  5  to  8  feet  in 
height  every  year,  is  grown  in  fairly  large 
stands.  It  would  not  take  many  acres  of  planta¬ 
tions  of  this  type  to  supply  the  entire  face  re¬ 
quirements  of  a  plywood  plant. 

It  should  be  recognized  that  hardwoods  can¬ 
not  be  used  for  plywood  faces  in  exactly  the 
same  way  and  with  exactly  the  same  equipment 
as  fir  veneers.  Most  hardwood  logs  deteriorate 
rapidly  in  storage;  they  will  not  float  readily 
over  an  extended  period,  and  should  therefore 
be  stored  completely  submerged  in  water.  This 
requires  expensive  large  storage  basins  where 
the  water  level  can  be  regulated,  and  where  a 
crane  can  cover  every  part  of  the  storage  area. 


Discussion 

Mr.  R.  W.  Wellwood  (University  of  British 
Columbia) :  Would  the  speaker  elaborate  on 
the  suitability  of  hybrid  poplars,  especially 
those  developed  in  Denmark,  as  a  source  of 
peeler  logs. 

Mr.  Bene:  Populus  vermrubens,  a  high  grade 
[xjplar  developed  in  Scotland  and  grown  in 
large  scale  in  Denmark,  will  increase  its  diame¬ 
ter  in  excess  of  one  inch  per  year,  and  will 
grow  about  five  feet  in  height  yearly.  It  is  an 
even-textured  wood  which  makes  it  suitable  as 
raw  material  for  veneer  and  plywood  produc¬ 
tion. 

Mr.  R.  C.  Fraunberger  (Philco  Corpora¬ 
tion):  The  East  offers  very  little  consolation  to 


RESEARCH  SOCIETY 


Most  hardwood  logs  must  be  steeped  in  warm 
water  or  be  steamed  before  being  cut  into 
veneers.  Accurate  control  of  this  heating  process 
is  required  to  produce  uniform,  smooth  veneers. 
Changes  on  the  lathe  will  be  necessary  because 
the  conventional  roller  bar  will  give  inadequate 
control  over  the  cut.  A  nose  bar  should  be  sub¬ 
stituted. 

Most  hardwood  veneers  surface  check  and 
warp  easily  if  abused  in  drying.  The  initial 
moisture  content  of  hardwoods  is  greater  than 
that  of  Douglas  fir.  Therefore,  longer  dryers 
operating  at  lower  temperatures  than  for  fir 
should  be  used.  Glues  used  for  the  bonding  of 
hardwoods  to  coniferous  cores  must  be  designed 
specifically  for  that  purpose.  Hardwoods,  gen¬ 
erally,  are  cut  into  much  thinner  veneers  than 
fir.  They  do  not  require  so  much  sanding  be¬ 
cause  they  are  cut  smoother,  but  it  is  impor¬ 
tant  that  they  be  bonded  to  a  well-cut  and  well- 
patched  core  of  uniform  thickness  and  that  the 
panels  be  sanded  with  great  care. 


the  fir  plywood  industry  for  face  stock.  Face 
stock  is  becoming  in  very  short  supply  in  east¬ 
ern  hardwoods.  The  tropics  do  not  offer  a  much 
better  picture  because  of  politics.  The  best  solu¬ 
tion  is  local  species,  or  raw  material  at  home. 

Mr.  Bene:  We  must  not  overlook  the  impor¬ 
tance  of  providing  for  the  production  of  face 
veneer  logs  in  future  forest  management  plans. 

Mr.  F.  IF,  Guernsey  (Forest  Products  Labo¬ 
ratory,  University  of  British  Columbia) :  What 
are  the  possibilities  of  using  red  alder  for  face 
veneer  ? 

Mr.  Bene:  Clear  alder  will  make  good  face 
veneers,  but  in  unmanaged  alder  stands  there 
are  usually  only  one-half  percent  of  the  volume 
suitable  for  peeler  logs. 
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The  Manufacturing  of  Pine  Veneer 

Philip  Reinmuth 

Superintendent,  Veneer  Plant,  Potlatch  Forests,  Inc.,  Lewiston,  Idaho 


Idaho  white  pine  and  ponderosa  pine  are  processed  into  two  types  of  veneers — rotary  cut  stock  and 
sliced  stodc. 

The  rotary  operation  has  to  do  with  the  log  selection,  transportation,  log  washing,  cutting  to  block  size, 
movement  into  veneer  plant,  barking,  scaling,  lathe  operation,  reeling,  unreeling^  green  clipping,  grera  chain 
sorting,  diyi^ng,  ^  chain  sorting,  patching,  ^lue  application,  edge  gluing,  jointing,  dry  clipping,  sizing,  and 
shipping,  llie  slicing  operation  has  to  do  with  flitch  and  cant  Section,  transportation  to  veneer  plant,  dip 
tank  treating,  spraying  in  the  storage  room,  steaming,  flitch  cleaning,  slicing  machine  set-up,  trimming,  drying, 
clipping,  edge  gluing,  panel  lay-up,  and  shipping. 


Rotary  Cut  Method 

EFORE  proceeding  to  a  detailed  descrip¬ 
tion  of  the  various  steps  in  the  manufac¬ 
turing  of  veneers  it  may  be  well  to 
establish  a  definition  of  the  often  misunder¬ 
stood  word  "veneer”.  The  definition  that  seems 
to  serve  best,  is  that  "veneer  is  timber  in  the 
form  of  a  thin  layer  of  uniform  thickness  pro¬ 
duced  by  slicing,  sawing,  or  rotary  cutting.” 
This  paper  will  have  to  do  only  with  the  sliced 
and  rotary  cut  veneer. 

In  order  to  produce  smooth  tightly  cut 
veneer  a  great  deal  of  care  must  necessarily  be 
given  to  the  selection  of  the  log  in  the  woods. 
Pine  logs  are  selected  in  many  cases  even  before 
the  tree  has  been  felled.  The  tree  is  marked 
with  red  or  white  paint  and  after  felling  it  is 
inspected  closely  for  defects  not  permissible  in 
a  peeler  block.  A  No.  1  pine  peeler  log  should 
have  50  percent  face  stock,  a  No.  2  pine  peeler 
should  have  33  percent  face  stock,  and  a  No.  3 
pine  peeler  is  considered  a  core  log.  Logs 
should  be  selected  with  knots  that  do  not  ex¬ 
ceed  21/2  inches  in  diameter.  Such  defects  as 
ring  rot,  shake,  spiral  grain,  splits,  checks,  and 
dead  wood  are  not  permissible  in  peeler  type 
logs.  Peelers  which  have  a  marked  difference 
in  density  between  one  .side  and  the  other  will 
not  give  a  high  yield  of  veneer.  The  problem 
of  using  freshly-cut  logs  varies  a  great  deal 
with  the  size  of  the  operation  and  the  distance 
the  logs  have  to  be  transported  to  the  veneer 
plant.  It  is  not  advisable  to  allow  peeler  blocks 
to  float  in  the  pond  for  a  prolonged  period 
before  being  used  because  this  practice  has  a 
tendency  to  cause  unequal  moisture  content 
between  the  part  of  the  log  that  is  submerged 
and  the  part  that  is  exjjosed  to  the  atmosphere. 


Where  the  veneer  plant  is  a  part  of  a  sawmill 
operation  care  must  be  given  to  the  proper  cut¬ 
ting  of  the  log  to  length,  so  that  in  the  event 
that  a  log  contains  one  or  two  typical  peeler 
blocks,  the  remainder  will  be  long  enough  to 
be  sent  to  the  sawmill  and  cut  into  the  conven¬ 
tional  lengths  desired  in  lumber. 

The  method  of  thoroughly  washing  a  log 
with  water  under  pressure  and  then  raising  it 
out  of  the  water  for  inspection  before  cutting 
it  into  peeler-block  lengths,  is  advantageous 
from  several  angles.  It  enables  the  selector  to 
inspect  the  log  from  all  sides,  causes  much  of 
the  loose  bark  and  dirt  to  be  removed  before 
going  to  the  barker,  and  results  in  an  all 
around  better  opportunity  to  eliminate  unde¬ 
sirable  blocks. 

After  the  log  has  been  carefully  selected  it  is 
important  that  a  good  job  of  barking  is  done 
in  order  to  save  the  valuable  sapwood  and  to 
clean  the  log  thoroughly  so  as  to  save  excessive 
wear  and  tear  on  lathe  knives.  The  newly  de¬ 
veloped  compression-head  barker  works  very 
satisfactorily  on  pine  logs,  because  it  consists 
of  a  smooth  cylindrical  roller  which  tends  to 
push  the  bark  off  rather  than  chew  it  off  as 
many  other  barkers  do. 

From  the  barker  the  block  is  transferred  to 
the  lathe  where  it  is  scaled  and  the  actual  mak¬ 
ing  of  veneer  begins.  Some  operations  do  the 
scaling  at  two  or  three  different  places.  The 
practice  of  scaling  the  log  in  the  pond,  through 
the  chain  saw  and  then  again  at  the  lathe  is 
followed  in  many  plants.  Others  feel  that  scal¬ 
ing  at  the  lathe  only  is  sufficient. 

The  lathe  operation  is  a  very  important  part 
of  veneer  preparation.  The  operator  should  be 
a  man  who  has  a  knack  with  machinery.  He 
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should  be  patient,  alert,  dependable,  and  one 
who  takes  great  pride  in  his  work.  The  cutting 
of  veneer  has  been  and  is  still  considered  more 
of  an  art  than  an  exact  science.  There  are  cer¬ 
tain  principles  which  must  be  adhered  to  if 
good,  smooth-quality  veneer  is  to  be  produced. 
A  veneer  lathe  must  be  provided  with  a  means 
of  rotating  the  log  against  a  knife,  a  means  of 
exerting  pressure  on  the  log  as  it  rotates  in  a 
line  parallel  to  the  knife,  and  a  means  of  ad¬ 
vancing  the  knife  into  the  log  at  a  predeter¬ 
mined  rate.  The  knife  acts  as  a  wedge  and  the 
wood  in  the  form  of  a  sheet  passing  over  the 
knife  would  be  split  rather  than  cut  from  the 
log  if  pressure  were  not  applied  to  the  log  to 
compress  the  fibres  at  the  knife  edge.  From  the 
foregoing  statement  certain  rules  can  be  stated 
as  follows: 

Rule  No.  1 

Use  the  longest  knife  bevel  which  will 
give  a  satisfactory  cutting  life  between 
grinds  when  cutting  the  hardest  grains  nor¬ 
mally  encountered  in  the  wood  being  cut.  It 
also  follows  that  the  keener  the  knife  edge, 
the  smoother  will  be  the  cut  surfaces. 

Rule  No.  2 

Set  the  knife  edge  level  with  the  center 
line  of  the  lathe  spindles  so  that  every  point 
along  the  knife  edge  lies  on  the  same  center 
line.  Every  point  along  the  edge  of  the  knife 
must  lie  in  a  common  straight  line  which, 
itself,  must  lie  in  a  horizontal  plane  passing 
through  the  center  of  rotation  of  the  block. 

Rule  No.  3 

The  line  of  contact  of  the  pressure  plate 
or  roller  with  the  block  must  be  parallel  in 
all  planes  with  the  line  of  the  knife  edge. 

Rule  No.  4 

When  using  a  roller  pressure  bar,  the 
center  of  the  roller  must  be  in  a  plane  which 
passes  through  the  knife  edge  and  forms  a 
12  degree  angle  with  a  plane  which  is  per¬ 
pendicular  to  the  knife  bevel.  The  average 
normal  position  of  the  knife  bevel  is  approx¬ 
imately  vertical.  The  normal  angle  of  the 
knife  bevel  is  approximately  20  degrees. 

Rule  No.  3 

The  minimum  thickness  of  veneer  which 
can  be  cut  with  a  given  diameter  roller  will 


actually  depend  upon  the  optimum  pitch 
angle  and  the  optimum  angle  of  knife  bevel 
for  a  given  set  of  conditions.  Specifically  the 
minimum  thickness  which  can  be  with  a 
%-inch  diameter  roller  is  1/10  inch;  with 
a  ^-inch  diameter  is  1/12  inch;  with  a 
•j^-inch  diameter  is  1/24  inch. 

Rule  No.  6 

The  optimum  pressure  to  be  applied  is  a 
minimum  pressure  which  will  hold  the  knife 
in  the  cut  and  produce  given  veneer  whose 
thickness  is  equal  to  the  actual  feed  per 
revolution. 

Rule  No.  7 

The  optimum  pitch  angle  is  that  which 
provides  minimum  bearing  of  the  knife 
against  the  block  and,  at  the  same  time, 
avoids  all  tendency  for  the  knife  to  chatter 
or  cut  "washboard.”  If  the  knife  leads  into 
the  block  excessively,  a  scraping  rather  than 
a  cutting  action  results  which  causes  chatter 
and  rough  cut  veneer.  If  the  knife  has  ex¬ 
cessive  "heel”  or  "bearing”,  excessive  pres¬ 
sure  is  built  up  between  the  block  and  the 
knife,  resulting  in  thick  and  thin  veneer,  as 
the  excess  pressure  builds  up  to  a  point 
where  the  knife  bends  and  removes  greater 
than  normal  thickness.  The  use  of  excess 
"heel”  and/or  excess  pressure  requires  ex¬ 
cess  torque  to  rotate  the  block  resulting  in 
split  or  bored  out  blocks. 

In  addition  to  the  preceding  set  of  rules 
there  are  also  certain  cutting  techniques  that 
must  be  religiously  followed  in  the  production 
of  well-cut  veneer. 

1.  It  is  imperative  that  the  need  for  pre¬ 
cision  be  appreciated  and  stressed  at  all 
times. 

2.  The  lathe  itself  must  be  kept  clean  at  all 
times. 

3.  The  mechanical  condition  of  the  lathe 
must  be  maintained.  Slack  and  play 
.must  be  kept  out  of  the  spindle  bearings 
and  adjustment  of  the  caps  must  be  con¬ 
trolled  without  fail. 

4.  The  knives  must  be  accurately  ground  to 
a  standard  height,  angle  of  bevel,  and 
degree  of  concavity. 

5.  The  roller  bar  assembly  must  be  kept 
clean  and  free  from  pitch. 
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6.  The  roller  bar  should  be  constantly 
checked  for  local  wear  and  replaced  il 
(he  diameter  is  worn  more  than  0.010 
inch  in  local  spots. 

7.  The  cap  of  the  roller  bearing  block  must 
be  maintained  to  permit  the  roller  to 
revolve  freely  but  with  a  minimum  of 
clearance. 

8.  A  point  and  a  blank  scale  segment 
should  be  provided  for  the  pressure  set¬ 
ting,  once  the  setting  lines  for  the  nor¬ 
mal  pressure  for  each  thickness  has  been 
determined  from  experience. 

9.  A  micrometer  gauge  should  be  provided 
for  obtaining  the  proper  setting  of  the 
height  of  the  pressure  roller  to  the  knife 
edge  in  accordance  with  a  tabulation  of 
the  optimum  height  for  each  veneer 
thickness. 

10.  Gauges  should  be  supplied  to  insure 
that  the  knife  edge  and  the  pressure 
roller  lie  in  parallel  vertical  planes. 

It  is  not  difficult  to  _  vary  slightly  a  single 
factor  while  keeping  all  others  constant,  and 
thus  determine  the  optimum  setting  for  each 
factor  for  each  thickness  and  species  to  be  cut. 
It  cannot  be  overstressed  that  in  this  operation, 
which  requires  quality  cutting,  each  and  every 
setting  and  adjustment  must  be  a  precision 
setting.  This  means:  precision  maintenance; 
precision  in  cleanliness;  precision  knife  grind¬ 
ing,  using  a  micrometer;  precision  in  align¬ 
ment  of  pressure  cap  to  the  knife  carriage 
(with  gauges);  precision  in  setting  heights  of 
roller  in  respect  to  knife  edge  using  micrometer 
gauge;  precision  in  alignment  of  roller  to  knife 
with  feeler  gauges;  precision  in  setting  pitch 
to  proper  graduation;  and  precision  in  setting 
pressure  to  proper  graduation. 

Following  the  principles,  rules,  and  tech¬ 
niques  of  good  lathe  operation  comes  the  set¬ 
up  procedure.  It  may  be  done  best  by  the  fol¬ 
lowing  procedure. 

1.  See  that  both  way  surfaces  and  spindle 
lines  lie  in  a  common  horizontal  and 
vertical  plane;  that  the  knife  bevel  is 
correct;  that  there  is  no  slack  in  the  feed 
screw  bearings  and  no  play  between  the 
feed  screws  and  feed  screw  nuts;  that 
the  main  bearing  is  adjusted  to  provide 


minimum  running  clearance;  that  there 
is  no  excessive  wear  between  the  spindle 
and  sleeves  and  no  wear  between  the 
slide  blocks  and  the  knife  carriage 
trunions;  that  the  pitch  rollers  contact 
the  pitch  tracks;  that  the  feed  gearing  is 
set  for  desired  thickness;  and  that  there 
is  no  roller  bar  assembly  in  the  main 
pressure  cap  and  no  knife  holder 
attached  to  the  knife  carriage. 

2.  Run  carriage  back  and  forth  through  its 
full  travel  and  see  that  way  and  pitch 
track  surfaces  are  clean  and  free  of 
exuded  pitch.  Check  surfaces  in  main 
pressure  cap  for  cleanliness.  Check  set 
screws  for  free  turning.  Check  surfaces 
on  the  knife  carriage  for  cleanliness, 
rust,  and  raised  spots.  Check  knife 
holder  screws  for  proper  oiling  and  per¬ 
formance. 

3.  Bolt  two  of  the  gauge  plates  to  knife 
carriage,  one  at  each  end.  Use  gauge 
blocks  to  check  alignment  of  main  pres¬ 
sure  cap  to  secure  preferred  alignment. 

4.  Secure  roller  pressure  bar  assembly  from 
grinder  room  and  check  for  cleanliness, 
"bugs”  on  seating  surfaces  and  roller 
clearance. 

5.  Install  roller  bar  assembly. 

6.  Secure  knife  and  holder  assembly  from 
grinder  room  and  check  for  cleanliness, 
"bugs”  on  seating  surface,  position  of 
knife  in  holder,  angle  of  bevel  and 
sharpness  of  knife. 

7.  Install  knife  and  holder.  Adjust  with 
hoist  bar.  Start  clamp  screws  by  hand 
and  set  same  with  impact  wrench.  Check 
fit  of  knife  against  knife  carriage  feeler 
gauge. 

8.  Adjust  roller  with  relation  to  knife 
edge. 

9.  Back  off  roller  until  pointer  indicates 
proper  gap  to  insure  cutting  proper 
thickness.  Check  with  feeler  gauge. 

10.  Set  each  end  of  roller  with  micrometer 
gauge. 

11.  Recheck  gap  between  roller  and  knife 
with  feeler  gauge. 

1 2.  Set  knife  pitch  for  species  and  thickness 
to  be  cut. 
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The  lathe  is  now  ready  to  cut  veneer.  Slight 
variations  in  the  pitch  and  pressure  settings 
may  be  required  as  indicated  by  the  sheet  of 
veneer  and  the  condition  of  block  surface. 
Pressure  and  pitch  adjustment,  knife  honing, 
relationship  of  roller  to  knife,  size  of  roller 
bar,  and  correct  knife  bevel  will  vary  from 
time  to  time  depending  on  a  given  set  of  con¬ 
ditions  for  each  operation. 

A  great  deal  of  detailed  description  has  been 
given  the  lathe  operation  because  it  plays  such 
a  vital  part  in  the  preparation  of  quality 
rotary-cut  veneer. 

Most  plants  on  the  Pacific  Coast  employ  the 
tray  system  in  delivering  green  veneer  from  the 
lathe  to  the  clipper,  but  our  plant  uses  the  reel¬ 
ing  and  unreeling  system.  As  the  green  veneer 
comes  from  the  lathe  the  "fish-tails”  and 
"roundup”,  which  come  from  the  log  while  it 
is  being  made  round,  drop  on  to  belt  conveyors 
which  carry  them  to  the  clipper.  After  the  log 
has  been  made  round,  the  end  of  the  green 
veneer  sheet  is  fastened  to  the  reel  by  staple 
tacks.  •  The  speed  of  the  reel  is  synchronized 
with  the  speed  of  the  lathe  which  allows  the 
veneer  to  be  rolled  up  on  the  reel.  When  the 
reel  is  full  it  is  pushed  down  to  the  green 
clipper  where  it  is  raised  up  on  the  unreeling 
machine  for  clipping. 

There  are  several  advantages  in  using  the 
reeling  system  for  pine.  It  gives  the  clipper 
operator  much  more  time  to  do  the  job  of 
grading  because  he  is  operating  separately 
from  the  lathe.  There  is  enough  room  to  store 
a  good  two  hours’  run  between  the  lathe  and 
clipper.  It  takes  less  building  space  than  the 
convential  tray  system  in  the  ratio  of  approxi¬ 
mately  60  feet  to  about  100  feet  required  for 
trays. 

The  face  stock  is  removed  from  the  log  first 
at  a  given  thickness.  Then  the  log  is  dropped 
out  of  the  lathe  and  set  aside  until  later  in  the 
day  when  it  is  put  back  into  the  lathe  and  gen¬ 
erally  run  to  a  heavier  thickness  than  the  face 
stock.  This,  incidentally,  calls  for  a  different 
knife  bevel. 

The  green  clipper  operators,  of  which  there 
are  two,  attempt  to  clip  the  heartwood  from 
the  sapwood  as  well  as  to  make  given  grades 
by  clipping  out  defects. 

The  veneer  moves  from  the  clippers  to  the 
green  chain  on  conveyor  belts  where  it  is 


pulled  by  hand  onto  trucks  according  to 
species,  thickness,  drying  segregations,  widths, 
and  lengths.  These  truck  loads  are  then  taken 
to  the  driers. 

The  drying  process  is  a  very  important  step 
in  the  manufacture  of  good  veneer.  A  constant 
supply  of  steam  is  of  paramount  importance. 
The  amount  needed  will  vary  according  to  each 
operation  but  generally  speaking  it  takes  from 
150  to  200  pounds  of  steam  on  a  high  pres¬ 
sure  line  to  do  an  adequate  job  of  drying 
within  reasonable  time  limits.  Proper  instru¬ 
ments,  such  as  master  recording  controllers, 
steam  pressure  controllers  to  eliminate  line 
surge,  and  recording  tachometers  which  indi¬ 
cate  and  record  the  rate  of  drying  for  each 
run,  expressed  in  minutes  should  be  provided. 
Proper  air  distribution  and  circulation  must  be 
adhered  to  in  order  to  get  uniform  drying.  The 
actual  feeding  of  the  stock  into  the  drier  has 
a  great  effect  on  correct  air  flow.  If  the  veneer 
is  fed  end  to  end  and  side  by  side  it  will  give 
the  air  little  opportunity  to  leak  by  and  around 
the  pieces,  but  will  force  it  into  the  proper 
channels  for  correct  and  uniform  drying. 

Proper  drying  schedules  must  be  set  up  for 
each  species,  thickness,  segregation,  size  of 
drier  and  type  of  drier.  In  a  large  1 6-section 
drier  the  temperatures  must  be  controlled  by 
zones,  of  which  there  are  three. 

Drying  schedules  on  pine,  at  our  plant,  vary 
from  33  minutes  for  1/6-inch  ponderosa  pine 
sap  at  300®  F.  to  91/2  minutes  for  3'5-inch 
ponderosa  pine  heart  at  220°  F.  These  sched¬ 
ules  will  dry  veneer  to  8  to  12  percent  mois¬ 
ture  content.  Most  plywood  plants  want  their 
stock  dried  as  low  as  3  percent  for  hot-press 
gluing. 

Proper  maintenance  is  very  important  with 
respect  to  the  driers.  They  should  be  thor¬ 
oughly  cleaned  each  week.  Pitch  accumulation, 
knots,  slivers,  and  debris  must  be  blown  out 
with  air  and  a  thorough  inspection  given  all 
working  parts  at  each  cleaning.  With  driers 
operating  at  from  300°  to  400°  F.  accumula¬ 
tions  of  such  debris  as  well  as  excessive  grease 
must  be  removed  frequently  to  avoid  fires. 
Fires  spell  lost  production  and  damaged  equip¬ 
ment. 

As  the  stock  leaves  the  driers  it  falls  upon  a 
dry  sorting  belt  where  the  graders  mark  it  for 
grade  and  proper  sorting.  Some  stock  is  on 
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grade  as  is,  some  has  to  be  sent  to  the  patchers 
to  raise  the  grade,  some  to  the  clippers  for  fur¬ 
ther  processing,  and  some  to  other  graders  who 
lay  it  up  into  panels  for  special  orders. 

The  patching  of  lower  grades  to  raise  the 
grade  has  become  an  integral  part  of  most  ply¬ 
wood  plant  operations.  There  are  three  types 
of  patches  generally  accepted  for  "single-line 
veneer”.  The  "boat”  patch  is  approximately 
6I/2  inches  long  by  1%  inches  wide  at  the 
widest  part  and  shaped  like  a  boat;  the 
"cookie”  patch  is  perfectly  round  with  a  diam¬ 
eter  of  5^/4  inches;  the  "Skoog”  plug  is  also 
perfectly  round  but  with  a  diameter  of  about 
21/2  inches.  Both  boat  and  cookie  patches  have 
a  beveled  edge  to  which  glue  is  applied.  Heat 
is  used  to  set  the  patch  firmly  in  place.  The 
"Skoog”  plug  is  merely  a  friction  plug  with  a 
square  edge  and  is  held  in  place  without  any 
gluing.  It  is  not  satisfactory  to  use  where 
single-ply  veneer  is  to  be  transported  any  dis¬ 
tance  because  it  will  fall  out.  It  is  intended  for 
use  in  plants  where  the  sheets  are  made  into 
plywood. 

The  material  from  which  patches  are  made 
should  be  high-grade  face  stock,  heartwood 
preferred,  straight,  flat-grained  and  cut  to  uni¬ 
form  thickness.  The  patch-making  equipment 
must  be  kept  in  perfect  condition  in  order  to 
make  perfect  joints.  Most  patches  which  are 
glued  are  set  with  urea-formaldehyde  resin 
glues  which  are  water  resistant,  and  produce 
good  tight  fitting  joints.  The  application  of  the 
glue  to  the  patches  is  done  by  several  methods, 
the  two  most  common  being  by  brush  or  by 
spray  gun.  It  is  quite  exacting  and  must  be 
done  with  a  great  deal  of  care.  Too  much  glue 
will  cause  the  patches  to  fit  improperly  and  not 
enough  will  result  in  "starved”  joints,  which  in 
turn  allows  the  patch  to  fall  out.  Patches  must 
not  be  cut  too  far  ahead  of  their  use  because  if 
they  shrink  they  won’t  fit.  The  glue  must  not 
be  applied  too  early  or  it  will  harden  and  then 
fail  to  set  when  heat  is  applied.  The  room  tem¬ 
perature  has  much  to  do  with  the  working  life 
of  glue.  The  more  uniform  the  temperature  of 
the  room  the  better  the  gluing  operation.  Most 
'  patches  are  set  with  commercially  designed 
"patch  setters”  which  can  be  adjusted  for  glue¬ 
setting  cycles  according  to  stock  thickness, 
species,  room  temperature,  etc. 


Splicing  veneers  edge  to  edge  is  becoming  a 
vital  operation  in  most  plants  also,  in  order  to 
produce  wide  sheets  from  narrow,  and  to  pro¬ 
duce  certain  desired  patterns  that  do  not  result 
from  the  natural  growth  in  the  log.  The  newly 
designed  splicing  machines  for  the  making  of 
high-grade  face  stock  perform  best  on  stock 
thinner  than  1/^-inch,  although  they  can  be 
used  with  high-frequency  current  in  such  a 
manner  that  they  will  do  a  good  job  on  thicker 
stock.  The  machine  commonly  used  for  this  job 
has  a  traveling  chain  bed  with  an  overhead 
heating  arrangement  and  contains  a  "calrod” 
heating  element  that  sets  the  glue  while  the 
veneer  passes  along  on  the  chain  bed. 

The  material  to  be  glued  is  usually  prepared 
at  a  jointer  which  may  be  either  the  traveling- 
head  type  or  the  traveling-bed  type.  The  edges 
are  all  jointed  perfectly  at  this  machine  by  the 
use  of  sharp  knives  which  are  placed  in  a  rotat¬ 
ing  head.  In  most  cases  the  glue  is  applied  at 
this  machine  by  the  use  of  either  a  rubber  or 
metal  roll  passing  over  the  smooth  joints  as 
they  are  made.  The  proper  co-ordination  of  the 
jointer  and  splicer  will  make  for  good  tight 
joints  of  uniform  thickness. 

Dry  clipping  of  veneer  varies  considerably 
with  each  operation  and  with  the  type  of  orders 
to  be  filled.  In  most  plywood  plants  the  veneer 
is  used  ultimately  to  make  plywood,  so  much 
of  the  clipping  can  be  done  green,  but  in  a 
veneer  plant  such  as  ours  the  dry  clipping  be¬ 
comes  a  major  operation.  Much  of  the  high- 
grade  face  stock  in  ^-inch  thickness  goes  into 
the  making  of  veneers  from  which  door  stile 
and  rail  faces  are  made.  These  have  to  be  sized 
to  exact  widths  of  4%' inches,  5%  inches  and 
•  other  sizes. 

Cutting  thin  sheets  into  such  narrow  widths 
is  costly  and  slow  but  is  necessary  in  order  to 
recover  the  high  grades  from  what  would  oth¬ 
erwise  be  less  valuable  stock  containing  various 
defects.  After  the  widths  are  cut  according  to 
order  it  is  necessary  to  cut  the  stock  to  exact 
length.  This  should  be  done  on  a  well-designed 
veneer  trim  machine  saw. 

Specially  designed  gang  rip  saws  also  in¬ 
crease  production  of  stile  veneers  from  a  given 
width  of  sheet.  However,  the  stock  must  be 
picked  and  graded  for  this  operation.  The  stock 
must  not  contain  any  defect  that  is  not  per¬ 
missible  in  a  stile  or  rail  as  the  stock  is  actually 
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cut  up  "alive”  and  there  is  no  opportunity  to 
eliminate  defects. 

The  cutting  to  length  of  rail  type  veneers  is 
a  slow  and  expensive  task.  Rail-type  veneer  is 
sold  generally  in  short  lengths  from  I6I/2 
inches  to  30  inches.  A  regular  box-factory,  Cal¬ 
ifornia-type  push  cut-off  saw  does  the  job  fast 
and  as  well  as  any.  The  saw  operator  can  elim¬ 
inate  defects  by  cutting  them  out  and  still  not 
slow  up  production  due  to  inspection  of  st<x;k. 

Shipping  practices  for  veneer  vary  a  great 
deal  with  the  type  of  order,  the  customer,  and 
the  method  of  transportation.  Most  customers 
want  the  high-grade  face  stock  crated.  Sliced 
st<xk  is  sold  in  crates  from  6  inches  to  12 
inches  wide,  or  if  random  width,  up  to  52 
inches  wide,  where  the  veneer  has  been  edge 
glued  to  50-inch  and  96-inch  panels.  Most  stile 
veneers  are  packaged  50  pieces  per  bundle  and 
gummed  tape  is  used  to  tie  the  bundle.  When 
large  crates  are  desired  the  limit  is  generally 
450  pounds  to  the  crate.  Lower  grades  are  gen¬ 
erally  either  loaded  loose  in  the  car  or  piled  on 
lift  truck  pallets  and  strapped  with  a  metal 
band.  The  scale  is  obtained  either  by  piece  tally 
or  by  measuring  the  pile  and  applying  a 
formula  that  will  give  the  square  feet  con¬ 
tained  in  the  order.  The  bulk  of  the  veneer  is 
shipped  in  railroad  cars,  although,  some  does 
go  by  truck. 

Slicing  Method 

The  second  part  of  this  paper  will  have  to 
do  with  the  slicing  operation  through  the  green 
preparation  since  the  dry  stock  is  treated  in  the 
same  manner  as  the  rotary  cut  stock. 

The  transportation  of  stock  to  the  sheer 
varies  a  great  deal  with  the  type  and  size  of 
plant  and  whether  the  stock  be  soft  or  hard¬ 
wood.  At  our  plant  the  stock  for  the  sheer  is 
picked  on  the  head  rig  in  the  sawmill.  Clear 
pine  flitches  are  saved  from  the  log  as  the 
sawyer  watches  for  suitable  material.  The  clear 
flitches  are  all  cut  from  the  sapwood  of  the  log 
and  should  be  free  of  nearly  all  defects.  They 
should  be  cut  from  6  inches  to  28  inches  in 
width  and  4  inches  or  over  in  thickness.  It  has 
been  the  practice  to  use  only  stock  I6  feet  in 
length.  The  Idaho  white  pine  cants  are  also  cut 
on  the  head  rig  and  are  cut  from  the  heart  of 
the  log.  They  should  contain  only  "mall,  firm. 


red-type  knots  that  result  from  live  branches 
rather  than  black-type  knots  that  result  from 
cutting  dead  branches.  These  cants  are  gener¬ 
ally  6  inches,  8  inches,  10  inches  and  12  inches 
in  width  and  thickness. 

Both  cants  and  flitches  are  transferred  to  the 
veneer  plant,  which  is  a  distance  of  1,500  feet 
from  the  sawmill,  on  a  30-inch  wide  rubber 
conveyor  belt.  As  they  arrive  at  the  veneer 
plant  they  pass  down  an  inclined  chain  through 
a  dip  tank.  The  tank  contains  a  chemical  solu¬ 
tion  which  prevents  blue  stain  from  develop¬ 
ing  in  the  material  in  storage.  The  cants  are 
removed  from  the  dip  tank  by  an  air-hoist  and 
piled  in  lift  truck  units.  As  they  are  piled  in 
these  units  they  are  scaled  and  the  amount  re¬ 
corded  in  board  feet.  After  the  loads  are  scaled 
they  are  moved  to  a  storage  room.  Added  mois¬ 
ture  keeps  the  stock  from  season  checking 
before  it  is  used. 

In  order  to  do  a  good  job  of  slicing  it  is 
necessary  to  give  the  cants  and  flitches  a  good 
steaming  or  soaking  to  soften  the  wood.  Three 
large  steam  boxes  are  used  for  this  purpose. 
The  boxes  are  fed  with  live  steam  which  has 
been  passed  through  water.  A  master  control¬ 
ling  instrument  maintains  a  constant  tempera¬ 
ture.  Knotty  Idaho  white  pine  cants  are 
steamed  for  15  hours  at  138“  F.  The  clear  pine 
flitches  are  steamed  for  15  hours  at  132“  F. 
The  stock  is  placed  in  the  boxes  in  lift  truck 
units.  After  it  is  taken  out  the  clear  flitches 
which  contain  bark  on  the  edges,  must  be 
placed  on  a  "spudding”  table  where  the  bark 
is  removed  before  the  flitch  is  placed  in  the 
sheer.  The  cants  have  no  bark  on  the  edges,  as 
they  are  cut  from  the  heart  of  the  log. 

The  "sheer”  machine  itself  is  a  precision  in¬ 
strument  and  must  be  maintained  and  set  up  as 
carefully  as  the  lathe.  The  sheer  operator 
should  be  a  man  who  has  a  love  for  machinery 
and  a  world  of  patience.  The  machines  vary 
with  the  make,  model,  and  year  but  basically 
they  are  all  operated  on  the  same  principle. 

The  relationships  between  the  nosebar, 
knife,  and  flitch  table  are  the  key  points  in  cut¬ 
ting  good,  uniform  veneer.  The  flitch  or  cant 
should  be  loaded  into  the  sheer  so  that  it  is  on 
an  angle  with  respect  to  the  knife.  This  gives 
a  shearing  action  and  results  in  better  cut  stock. 
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The  stock  should  be  cleaned  thoroughly  to 
eliminate  all  dirt,  fine  sand,  grit,  or  other  for¬ 
eign  materials  that  dull  the  knife.  It  is  more 
difficult  to  "fit  up”  a  sheer  than  a  lathe.  Our 
sheer  has  a  17-foot  knife  as  compared  to  the 
8-foot  knife  on  the  lathe.  Most  of  the  stock  at 
our  plant  is  cut  to  1/28-inch,  1/20-inch,  1/16- 
inch,  or  l/^-inch  thickness.  However,  slicing 
operations  have  been  known  to  slice  stock  as 
thin  as  1/300-inch  in  fine  hardwoods.  When 
cutting  high-grade,  fine  hardwoods  the  stock  is 
sold  by  taking  samples  from  each  flitch  which 
means  that  the  veneer  from  each  flitch  must  be 
kept  to  itself.  In  slicing  pines  this  is  not  neces¬ 
sary  so  the  stock  is  placed  on  a  truck  after 
being  cut  into  8-foot  lengths.  Clear  flitches  are 
sliced  from  the  face  side  to  the  back  to  leave 
the  "dog  board”  on  the  back.  Knotty  Idaho 
white  pine  is  sliced  to  the  center  of  the  cant. 
Then  the  piece  is  turned  over  and  sliced  to  the 
center  again.  In  this  way  the  dog  board  is  taken 

Discussion 

Mr.  /.  H.  Grant,  Jr.  (Burritt  Lumber  Sales 
Company,  Inc.):  What  types  of  glue  are  used 
for  assembly  and  edge  gluing? 

Mr.  Reinmuth:  Urea  formaldehyde  is  used. 

Mr.  R.  C.  Fraunberger  (Philco  Corp.):  Is 
pine  easier  to  cut  than  Douglas  fir? 

Mr.  Reinmuth:  No,  I  don’t  believe  pine  is 
as  easy  to  cut  as  Douglas  fir. 

Mr.  O.  H.  Schrader  (Douglas  Fir  Plywood 
Association) :  What  can  be  done  about  knot 
problems  in  white  pine? 

Mr.  Reinmuth:  Cutting  logs  while  they  are 
fresh  will  help.  Sometimes  knots  are  bored  out 
on  the  lathe. 

Mr.  C.  Reckers  (Washington  Veneer):  Have 
you  encountered  any  trouble  on  drying  pine 
veneer?  White  pine  obtained  west  of  the  Cas¬ 
cades  seems  very  difficult  to  dry,  particularly 
around  the  knots.  It  is  necessary  to  dry  the 
stock  on  a  fir  sap  veneer  schedule  with  some 
spots  up  to  25%  moisture  content  still  show¬ 
ing  up  around  the  knots  which  of  course  is 
serious  with  phenolic  resin  gluing  where  mois¬ 
ture  contents  below  5%  are  desirable.  Have 
you  encountered  similar  drying  problems? 

Mr.  Reinmuth:  We  have  not  experienced 
much  trouble.  My  advice  is,  take  your  time, 
use  lower  temperature,  and  have  the  necessary 
instruments  for  control. 


out  of  the  center.  This  is  done  because  of  the 
way  the  grain  runs  in  the  heartwood. 

From  the  sheer  the  stock  goes  to  the  drier 
and  is  processed  in  the  same  manner  as  the 
rotary  cut  stock.  The  sliced  knotty-pine  is  dried 
and  if  the  customer  wants  the  material  edge 
glued  into  face  sheets  a  grader  matches  the 
pattern  by  using  veneer  from  different  cants  in 
order  to  obtain  a  good  distribution  of  the  pine 
knots. 

In  conclusion,  this  is  a  new  industry  with 
respect  to  pine,  but  experience  will  teach  what 
will  finally  be  considered  as  practices  which  are 
good  and  how  to  avoid  those  which  do  not  pro¬ 
duce  the  best  possible  balance  in  operating 
techniques. 

Literature  Reference 
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Mr.  E.  Stivers  (Package  Research  Labora¬ 
tory)  :  How  does  sliced  veneer  compare  with 
rotary  cut  veneer  in  yield  ? 

Mr.  Reinmuth:  They  can’t  be  compared. 
Stock  for  slices  is  selected  on  the  head  rig  in 
the  mill  and  recovery  is  different  due  to  method 
of  manufacture. 

Mr.  H.  W.  f.  Peck  (Vancouver,  B.  C): 
Will  you  please  describe  the  type  of  instru¬ 
mental  control  used  on  your  driers? 

Mr.  Reinmuth:  We  use  standard  Moore  con¬ 
trols,  master  controllers,  steam  pressure  con¬ 
trollers  and  recording  tachometers. 

Mr.  Schrader:  How  is  your  raw  material 
supply  situation? 

Mr.  Reinmuth:  We  get  lot  of  sawlogs,  but 
we  have  to  look  for  our  supply.  Good  peelers 
are  scarce  and  difficult  to  find. 

Mr.  A.  G.  Idso  (Puget  Sound  Plywood  Inc.): 
Do  you  use  a  tilting  head  on  your  lathe,  or  do 
you  use  the  sliding  head?  What  is  the  chief 
factor  contributing  to  thick  and  thin  veneer? 

Mr.  Reinmuth:  We  use  the  tilting  head. 
Many  factors  affect  the  thickness  of  veneer, 
among  them  are  the  lack  of  precision  in  "set¬ 
ting  up”,  the  lathe  blade  in  relationship  to  the 
roller  pressure  bar,  improper  maintenance  of 
lathe,  poor  work  in  filing  room,  dull  blades, 
poor  logs  etc. 
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Gluing  Operations— Industry  Trends 

Donald  V.  Redfern 

Technical  Director,  American-Marietta  Company,  Seattle,  Washington 


The  paper  covers  fseneral  trends  in  the  use  of  glues  by  the  Douglas  fir  plywood  indusrry  from  1942 
through  1949. 

A  comparison  of  hot-pressing  and  cold-pressing  is  made,  including  the  merits  of  both.  Adhesives  for  these 
two  pressing  operations  are  described  and  their  good  and  bad  points  discussed. 

Present  trends  and  probable  future  developments  on  Douglas  fir  plywood  glues  are  discussed. 


Introduction 

HE  Pacific  Northwest  plywood  industry, 
consisting  of  roughly  75  mills,  produces 
a  staggering  total  of  over  two  billion 
square  feet  of  plywood  per  year  (on  a  %-inch 
basis)  at  present  production  levels.  It  is  obvi¬ 
ous  that  the  amount  of  glue  consumed  in  bond¬ 
ing  this  plywood  is  large. 

Consumption  of  glue  for  1949  was  roughly 
30,000  tons  (60,000,000  pounds),  which  repre¬ 
sents  a  business  of  approximately  five  million 
dollars.  The  major  producers  of  this  volume 
are  located  in  the  Pacific  Northwest  and  have 
skilled  staffs  to  serve  the  customer.  Because  of 
the  special  nature  of  the  business,  successful  ad¬ 
hesive  producers  are  those  who  have  applied 
themselves  diligently  to  customer  needs  by  the 
development  of  new  adhesives  and  by  furnish¬ 
ing  technical  advice  in  their  application. 

There  are  very  few  producing  industries  that 
have  seen  costs  decline  in  any  phase  of  their 
operation  during  the  past  ten  years.  However, 
this  is  an  accomplished  fact  in  the  use  of  syn¬ 
thetic  resins  for  the  bonding  of  plywood.  Glue¬ 
line  costs  dropped  sharply  during  this  time  and 
at  the  present  are  rougly  one  third  of  what 
they  were  when  phenolic  resins  were  first  used 
for  the  manufacture  of  exterior  plywood. 

Because  of  the  variables  encountered  in  glu¬ 
ing  Douglas  fir  into  plywood,  the  adhesive  in¬ 
dustry  has  placed  special  emphasis  on  quality 
control  in  an  effort  to  maintain  uniformity  of 
its  products. 

Logs,  labor,  and  glue  are  necessary  to  pro¬ 
duce  the  finished  plywood  panel,  none  being 
sufficient  without  the  others.  This  has  resulted 
in  an  ever-increasing  awareness,  on  the  part  of 
supplier  and  consumer  alike,  of  the  necessity 
for  close  supervision  of  the  gluing  operation. 


The  best  prepared  veneers  in  the  world  and  the 
most  skilled  workmen  obtainable  cannot  pro¬ 
duce  good  plywood  without  the  proper  adhe¬ 
sive  and  the  correct  procedure  for  its  use.  Some 
current  methods  and  equipment  are  good  but 
there  is  room  for  improvement.  The  following 
discussion  will  outline  the  procedures  used  in 
the  production  of  plywood  from  veneers. 

Mixing  the  Adhesive 

The  glue  is  usually  prepared  for  use  in  a 
mixer  located  on  a  raised  platform  in  the  glue 
loft.  The  mixer  has  blades  that  scrape  or  nearly 
scrape  its  sides  and  bottom  in  order  to  facilitate 
more  thorough  mixing.  Located  above  and  be¬ 
side  the  mixer  is  a  water-measuring  tank  with 
facilities  for  heating  the  water.  Below  the  mixer 
and  usually  to  one  side  at  floor  level  is  a  stor¬ 
age  tank  for  the  finished  glue. 

In  order  to  provide  for  the  v/idest  latitude 
in  the  mixing  operation,  the  glue  mixer  is  jack¬ 
eted  for  both  water  and  steam  and  the  water 
tank  has  a  live  steam  inlet  in  order  to  heat  the 
water  to  the  desired  temperature. 

The  general  layout  of  a  conventional  mixing 
system  is  given  in  Fig.  1. 

The  evolution  of  mixing  equipment  has  been 
slow  but  the  trend  is  to  design  equipment  to 
permit  a  wider  latitude  in  formulating  glue 
mixes.  Where  phenolic  resins  are  used  for  both 
interior  and  exterior  plywood,  the  only  change 
in  glue  mixing  may  be  a'further  extension  of 
the  resin  with  inert  or  proteinaceous  materials, 
for  inferior  grades. 

Protein  adhesives  are  quite  thixotropic  and 
because  of  this,  trouble  does  occur  in  getting 
these  glues  to  flow  by  gravity  from  the  storage- 
tank  to  the  spreader.  This  condition  is  fre¬ 
quently  aggravated  by  small  glue  distribution 
pipes  leading  to  the  spreader.  However,  it 
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seems  that  those  chemical  properties  that  cause 
thixotropy  in  protein  adhesives  also  are  desirable 
and  a  measure  of  glue  quality. 

Based  on  this  reasoning,  a  system  of  recircu¬ 
lation  has  been  developed  especially  for  cold- 
press  protein  adhesives  whereby  the  glue  in  the 
storage  pot  is  kept  in  circulation.  This  prevents 
the  material  from  gelling  and  allows  the  use 
of  adhesives  with  greater  thixotropic  tendencies 
than  could  be  handled  with  conventional  equip¬ 
ment. 

The  process  is  essentially  the  recirculation, 
by  means  of  a  gear  pump,  of  part  of  the  glue 
in  the  storage  tank.  The  glue  is  drawn  from 
the  bottom  and  is  pumped  back  into  the  top  of 
the  storage  tank  (Fig.  2).  A  conical  baffle  dis¬ 
perses  the  returned  glue. 


Spreading  the  Adhesive 

After  mixing,  the  glue  is  spread  on  both 
sides  of  the  plywood  core  or  crossbands  by 
large  rolls  mnning  in  a  bath  of  the  adhesive. 
The  spread  of  the  adhesive  is  regulated  by 
smaller  steel  doctor  rolls  and  by  the  nip  be¬ 
tween  the  spreader  rolls  (Fig.  2).  The  spreader 
rolls  are  either  steel  or  rubber  coated,  depend¬ 
ing  upon  the  type  of  adhesive  and  the  spread 
requirements.  Steel  rolls  normally  are  used  for 
protein-glued,  cold-press  plywood  when  heavy- 
spreads  are  required.  Rubber-coated  rolls  are 
used  primarily  in  hot-press  operations  for  both 
the  synthetic  resin  and  protein  formulations. 

The  rolls  have  groovings  of  various  types  and 
depths  and  sizes  according  to  the  recommenda¬ 
tions  of  the  various  glue  suppliers  and  users. 


The  system,  when  installed,  has  met  with 
good  success  and  has  improved  results  in  the 
gluing  operation.  In  the  past  it  has  been  neces¬ 
sary  at  times  to  add  extra  water  to  the  protein 
glue  mix  in  order  to  obviate  the  thixotropic 
tendency.  With  the  recirculating  system,  this 
need  not  be  done  for  the  glue  is  kept  fluid  by 
the  constant  recirculation. 

Improvements  in  glue  mixing  equipment  can 
be  made  by  closer  cooperation  between  the 
manufacturers  of  glue  mixers  and  adhesive- 
suppliers. 


Spreaders 

The  conventional  roller  spreader  used  in  the 
plywood  industry  on  the  West  Coast,  in  the 
writer’s  opinion,  is  not  satisfactory  for  proper 
spreading.  If  we  could  assume  that  all  core 
stock  put  through  the  spreader  was  of  uniform 
thickness  and  perfectly  smooth,  then  the  amount 
of  glue  transferred  to  the  core  would  always 
be  the  same.  However,  this  is  not  the  case, 
since  core  stock,  because  of  the  very  nature  of 
the  log  and  the  method  of  removal  of  veneer 
from  the  log,  produces  an  unevenly-surfaced 
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material.  Surface  irregularities  are  produced  in 
the  peeling  operation  by  changes  in  lathe  speed 
and  pressure  on  the  roller  bar.  Knots,  espe¬ 
cially  in  Douglas  fir  have  a  tendency  to  fall  out. 
All  these  things  produce  a  final  product  which 
tends  to  pick  up  glue  from  the  spreader  rolls 
in  uneven  quantities  over  the  surface.  The  glu¬ 
ing  job  could  well  be  done  by  a  method  that 
would  transfer  to  the  stock  a  uniform  thickness 
of  glue  over  the  surface  in  amounts  determined 
to  be  the  best.  This  problem  is  one  of  prime 
importance  and  is  one  in  which,  economically 
speaking,  the  industry  should  be  very  interested. 
The  plywood  panel,  especially  Exterior,  is  no 
better  than  its  weakest  link  and  in  some  cases 
this  weakest  link  is  simply  the  uneven  spread 
of  adhesive  caused  by  one  or  more  of  the  vari¬ 
ables  just  listed. 

Pressing 

There  are  two  distinct  types  of  pressing  oper¬ 
ations,  hot-  and  cold-press.  Production  is  divided 
quite  evenly  between  these  two  methods. 

Cold  Press 

By  far  the  older  method  is  cold  pressing.  In 
this  process  the  bundles  of  veneer  are  placed  in 
a  press  with  thick  caul  boards  on  the  top  and 
bottom  and  with  interlayers  of  thinner  cauls. 
Pressure  is  applied  at  room  temperature.  The 
bundles  formerly  were  clamped  in  irons  before 
removal  from  the  press  and  were  allowed  to 
stand  from  four  hours  to  overnight  before  the 
clamps  were  removed.  Now,  however,  the  use 
of  irons  and  clamps  has  been  superseded  by  the 
patented  procedure  known  as  the  "No-Clamp 
Process.”  This  means  exactly  what  it  says.  The 
panels  are  placed  in  the  press  as  if  they  were 
to  be  clamped  and  pressure  is  maintained  for  a 
given  time  depending  'on  conditions.  Special 
"No-Clamp”  protein  glues  are  used.  After  15 
to  25  minutes  the  pressure  is  released  and  the 
panels  are  removed  to  a  storage  area.  This  prac¬ 
tice  eliminates  the  use  of  the  expensive  and 
cumbersome  clamps  and  irons  used  formerly. 
The  present  large  volume  production  of  cold- 
press  plywood  is  accomplished  almost  com¬ 
pletely  with  protein  adhesives.  The  cold  press 
process  is  confined  to  the  production  of  Inte¬ 
rior  Type  plywood,  thus  restricting  the  final 
use  characteristics  of  the  finished  panel. 


Hot  Press 

The  second  of  the  two  modern  methods  of 
plywood  manufacture  is  hot  pressing.  The  wide 
latitude  of  glue-line  characteristics  which  may 
be  added  to  plywood  by  the  use  of  the  hot  press, 
has  resulted  in  a  large  scale  installation  of  this 
manufacturing  equipment.  Temperatures  in  the 
pressing  operation  vary  with  the  type  of  adhe¬ 
sive  and  production  needs,  the  range  being 
from  220°  to  315°  F. 

It  is  the  practice,  at  times,  to  press  panels 
less  than  ^’^-inch  in  thickness  two  or  more  per 
opening.  However,  this  has  a  tendency  to  pro¬ 
duce  panels  that  are  subject  to  warping  due  to 
the  variation  in  temperature  and  moisture  gradi¬ 
ent.  The  panels  require  careful  stacking  and 
equalizing  to  obviate  this  tendency  to  warp. 
There  has  been  a  recent  tendency  to  press  all 
constructions  with  one  panel  to  the  opening. 
It  has  been  argued  that  pressing  the  panels  two 
per  opening  kept  production  higher,  but  this 
argument  does  not  hold  true  in  all  cases.  The 
fact  is  that  heat  transfer  from  the  platens  to  the 
glue  line  is  inversely  proportional  to  the  square 
of  the  distance  from  the  platen  to  the  glue  line. 
Hence,  when  the  thickness  is  doubled  by  plac¬ 
ing  two  panels  in  an  opening,  the  press  time  is 
three  to  four  times  longer  than  that  required 
for  one  panel  per  opening.  Advantages  of  op¬ 
erating  with  one  panel  per  opening  are: 

(1)  A  flatter  panel  is  produced. 

(2)  The  time  in  the  press  is  shorter,  thus 
decreasing  the  chance  of  harming  the 
surface  of  the  panels  by  overheating. 

(3)  The  effect  of  surface  defects  is  limited 
to  the  panel  in  which  they  occur. 

(4)  Glue  lines  are  maintained  at  the  desired 
temperature  for  a  longer  time. 

(5)  Production  may  be  higher  due  to  reduced 
pressing  cycles  required. 

(6)  The  open-assembly  time  before  pressing 
is  shorter  due  to  the  pressing  of  half  as 
many  panels  at  a  time.  This  lessens  the 
tendency  for  dry-out  or  precure  of  the 
glue  before  pressing. 

Adjuncts  to  the  pressing  operation  that  have 
aided  in  better  plywood  production  are  auto¬ 
matic  loaders  and  unloaders.  An  innovation  in 
loaders  is  one  that  operates  on  a  moveable  car¬ 
riage  to  and  from  the  press,  reducing  a  tend- 
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ency  for  glue-line  precure  due  to  the  heat  radiat¬ 
ing  from  the  platens,  especially  if  the  panels 
lie  in  the  loader  any  length  of  time  before 
entering  the  press. 

Inherently  there  are  advantages  and  disad¬ 
vantages  to  both  the  cold-  and  hot-press.  A 
tabulation  of  some  of  these  follows: 


increase  continued  rapidly  to  1945.  This  in¬ 
crease  occurred  in  the  face  of  lowered  produc¬ 
tion  for  the  industry  because  of  wartime  short¬ 
ages  of  logs.  The  increase  occurred  because  of 
the  heavy  demand  for  exterior  plywood  for  our 
numerous  war  uses  such  as  for  military  boats 
and  war  housing;  both  military  and  civilian. 


Cold 

Advantages 

1.  Low  initial  investment. 

2.  Allows  wider  latitude  in  veneer  condition 
such  as  roughness,  knots,  etc. 

3.  Veneer-drier  production  is  higher  because 
veneer  may  be  at  a  higher  moisture  content 
— 5  to  10  percent. 


Hot 

Advantages 

1.  Wider  latitude  in  glue  line  performance 
allowing  the  production  of  both  Interior 
and  Exterior  plywood. 

2.  Glue  line  cost  is  lower  than  cold  press  due 
to  use  of  lower  spreads. 

3.  Panel  weight  is  less  due  to  drier  veneers. 

4.  Pressing  times  are  much  shorter. 

5.  Panels  can  be  trimmed,  sanded  and  shipped 
sooner. 


Press 

Disadvantages 

1.  Restricted  to  Interior-Type  plywood. 

2.  Glue-line  cost  is  higher  than  with  the  same 
type  of  panel  hot  pressed,  due  to  higher 
spread  necessary. 

3.  Panel  weight  is  somewhat  higher  with  re¬ 
sultant  higher  freight  costs. 

4.  Pressing  times  are  longer. 

5.  Longer  time  must  elapse  before  the  panels 
can  be  trimmed,  sanded,  shipped. 

Press 

Disadvantages 

1.  High  initial  investment. 

2.  Veneers  must  be  dried  to  a  moisture  content 
of  at  least  3  to  5  percent  to  prevent  blisters. 

3.  Panels  are  dangerously  dried  out  and  in 
some  cases  need  rehumidification  to  prevent 
splits  and  checks. 

4.  Veneers  must  be  more  carefully  sorted  and 
prepared. 


Industry  Trends  in  Adhesive  Use 

Before  discussing  industry  trends  in  the  use 
of  adhesives,  it  is  proper  to  review  production 
figures  of  the  past  few  years  (Table  1).  Table  1 
is  based  on  tabulated  data  obtained  from  Facts 
For  Industry,  Softwood  Plywood,  U.  S.  De¬ 
partment  of  Commerce. 

From  these  data  it  is  readily  seen  that  in 
1942  the  use  of  phenolic  resins  for  the  manu¬ 
facture  of  Exterior  Grade  Douglas  fir  plywood 
was  just  getting  well  under  way  and  that  this 


The  Douglas  Fir  Plywood  Association  has 
played  a  great  part  in  increasing  awareness  of 
the  structural  advantages  of  plywood  and  with 
the  development  of  Exterior  Grade  plywood 
many  new  markets  were  opened  to  the  Douglas 
fir  plywood  industry. 

The  figures  show  that  with  raw  materials 
available  the  production  of  Interior  as  well  as 
Exterior  plywood  has  increased  since  the  end  of 
the  war.  This  indicates  that  -Interior  plywood 
has  a  definite  field  of  use. 


Year 

1942 . . . 

Total 
Plywood 
Production 
M.  aq.  ft. 
_  1,  840, 231 

1943 . 

.  1, 496, 170 

1944 . 

.  1,  484,  889 

1945 . 

.  1,  222, 382 

1946 . 

.  1, 436,  065 

1947 . 

.  1,  700,  446 

1948 . 

. .  1,963,883 

1949 . 

.  1,864,877 

Table  1 

(!:xterior  Grade 


Percent 

Lbs.  of 

of 

Resin 

M.  sq.  ft. 

Total 

Used 

270,  630 

14.7 

17, 262,  00<» 

304,202 

20.3 

19,  764,  000 

367,  728 

24.7 

23,  067,  000 

364,063 

30.0 

19,  393,  000 

438,  036 

30.7 

24,  743,  000 

587,  066 

34.6 

36,  054,  000 

619,  869 

31.7 

40,  053,  000 

382,  430 

21.3. 

30,  590,  000 

Interior  Grade 


Percent 

Lbs.  of 

of 

Protein 

.M.  aq.  ft. 

Total 

Glue  Used 

1,  569.  601 

85.3 

37,  380,  000 

1. 190,  968 

79.7 

26,  086,  000 

1. 117, 161 

75.3 

27,  879,  000 

858, 319 

70.0 

22,  473,  000 

998,  029 

69.3 

2.3,  817,  000 

1. 113,  380 

65.4 

24.  728,  000 

1,  334,  014 

68.3 

30. 285,  000 

1,  467. 143 

78.7 

31.  77.5,  000 
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For  one  thing,  there  has  been  an  increase  in 
the  number  of  plywood  mills  from  1944  to  1949. 
Most  of  these  new  installations,  because  of  lim¬ 
ited  capital,  have  started  by  cold  pressing  their 
plywood.  The  history  of  these  new  installations 
shows  a  trend  toward  the  installation  of  hot 
presses  as  soon  as  sufficient  capital  is  available. 

Another  factor  is  the  installation  of  cold 
presses  in  hot  press  mills  to  increase  production 
and  to  use  veneers  that  are  unsuitable  for  hot 
pressing. 

In  order  to  improve  performance,  the  DFPA 
requirements  for  acceptance  of  Interior  Grade 
has  been  raised.  This  was  accomplished  by  the 
elimination  of  the  two-cycle  test  and  the  use  of 
the  ten-cycle  test  as  a  criterion  of  acceptance. 

A  cycle  consists  of  soaking  a  6-inch  by  6-inch 
test  square  of  plywood  in  water  for  four  hours 
at  room  temperature  followed  by  20  hours  of 
drying  at  a  temperature  no  higher  than  100°  F. 
This  change  in  requirements  virtually  elimi¬ 
nated  the  straight  soya-meal  glue  from  the  hot 
press  technique  because  of  its  inability  to  pass 
the  test.  The  major  cause  of  failure  is  the  low 
glue  spread  for  hot  pressing.  Cold  press  soya- 
meal  adhesives  give  good  performance  in  the 
new  Interior  Grade  test. 

A  little  known,  but  quite  noticeable,  change 
in  adhesives  is  the  change  over  from  hydraulic 
and  expeller  soy  meals  to  solvent-extracted  meal. 
This  changeover  has  been  forced  on  the  adhe¬ 
sive  industry  because  of  the  economics  of  meal 
and  soy-oil  production.  However,  it  has  been  a 
blessing  in  disguise,  for  the  solvent  meals  pro¬ 
duce  better  adhesives  once  the  fundamental 
problems  of  their  different  use  characteristics 
were  solved. 

Protein  Adhesives  vs.  Synthetic  Resin 
Formulations 

Because  of  the  inability  of  straight  soy  meal 
glues  to  pass  the  new  interior  ten-cycle  test 
when  hot  pressed,  the  industry  has  gone  largely 
to  two  specific  types  of  adhesive  for  this 
purpose. 

Protein 

The  first  and  by  far  the  older  is  the  fortified 
protein  type.  This  adhesive  is  usually  a  com¬ 
bination  of  soluble  blood  and  soy  meal.  This 


fortified  glue  has  certain  advantages  over  other 
adhesives  used  for  this  purpose  but  there  is 
much  difference  of  opinion  regarding  perform¬ 
ance  as  compared  to  extended-resin  formula¬ 
tions. 

Advantages  and  disadvantages  of  this  type  of 
adhesive  are  as  follows: 

Advantages 

1.  Pressing  times  and  temperature  are  lower 
than  those  for  resin  adhesives. 

2.  It  gives  a  better  spread  pattern  parf.iy  due 
to  heavier  glue  spread. 

3.  Tendency  for  blows  is  less. 

4.  Glue  will  stand  a  higher  limit  of  moisture 
in  the  veneers. 

5.  The  heavier  thixotropic  film  resists  wipes 
better  than  resin. 

6.  Less  rigorous  drying  required  and  hence  less 
effect  from  this  on  wood;  e.g.,  warp  and 
checking. 

Disadvantages 

1.  Poorer  spreading  characteristics. 

2.  Bond  is  water  resistant  but  does  not  have 
the  waterproofness  of  an  equivalent  resin 
glue. 

3.  Protein  glues  are  susceptible  to  bacterial  and 
fungus  attack  under  proper  conditions  of 
moisture  and  humidity. 

4.  Mixing  more  complicated  in  general. 

Synthetic  Resin  Formulations 

Because  of  the  success  of  phenolic  resin  in 
making  hot-press  exterior  plywood  it  was  nat¬ 
ural  to  extend  the  use  of  these  resins  to  produce 
Interior  Type  glue  bonds. 

The  approaches  have  been  varied  but  essen¬ 
tially  they  consist  of  an  increased  amount  of 
extender  and  water.  Attempts  have  been  made 
to  incorporate  soluble  blood  in  order  to  lower 
the  time-temperature  pressing  requirements. 

The  Plywood  Research  Foundation  developed 
a  novel  formulation  which  consists  of  reclaimed 
motor  oil  in  an  emulsion  with  the  standard 
phenolic  resins  on  the  market,  water,  and  wal¬ 
nut-shell  flour  extender.  Claims  are  that  this 
extension  is  economical  and  that  the  oil  pro¬ 
vides  a  means  of  preventing  glue  lines  from 


344 


FOREST  PRODUCTS  RESEARCH  SOCIETY 


drying  out  both  during  open  assembly  and  the 
hot-pressing  operations.  The  process  is  patented 
by  the  Foundation  but  is  available  for  license 
at  a  nominal  fee. 

That  the  production  of  Interior  plywood  with 
resin  glues  has  "caught  on”  is  evidenced  by  the 
fact  that  roughly  6,000,000  pounds  of  resin 
were  used  for  Interior  Grade  plywood  in  1949. 

Tabulated  below  are  listed  some  of  the  ad¬ 
vantages  and  disadvantages  of  this  type  of 
formulation. 

Advantages 

1.  Glue  line  bond,  if  properly  made,  is  reason¬ 
ably  waterproof. 

2.  Susceptibility  to  fungus  and  bacterial  action 
is  reduced. 

3.  Permissible  open  assembly  time  is  longer. 

4.  Ease  of  handling  of  resins  in  liquid  storage. 

5.  Ease  of  mixing. 

Disadvantages 

1.  Pressing  times  and  temperatures  are  higher 
than  for  protein  adhesives. 

2.  Spread  pattern  is  poorer  than  for  protein 
glues  due  to  lower  spreads  especially  on 
rough  stock. 

3.  Blows  will  occur  more  readily. 

Veneer  Supply 

It  is  a  known  fact  that  the  declining  quality 
of  logs  is  becoming  a  serious  problem.  The 
days  of  ideal  peeler  logs  are  past.  However, 
this  problem  can  be  alleviated  to  a  reasonable 
extent  by  a  better  understanding  of  log  types, 
and  the  type,  thickness  and  treatment  of  the 
veneer  to  be  cut  from  each  log  type. 

An  entire  study  can  be  made  of  the  effect  of 
handling  procedures  with  the  express  purpose 
of  improving  the  gluability  of  the  final  assem¬ 
bly.  The  term  gluability  is  used  here  to  cover 
the  unknown  or  at  least  little  understood  fac¬ 
tors  that  affect  the  final  glue  bonds. 

Some  of  these  factors  are: 

(1)  Log  quality  and  location  in  the  tree. 

(2)  Locale  where  the  log  was  cut. 

(3)  Thickness  of  the  veneer  cut. 

(4)  Type  of  lathe  and  lathe  setting. 

(5)  Sorting  of  the  veneers  for  drying. 


(6)  Drying  cycle. 

(7)  Sorting  of  the  veneers  after  drying. 

(8)  Veneer  patching. 

(9)  Method  of  edge  gluing  the  veneers. 

(10)  Handling  of  the  veneers  during  spread¬ 
ing  and  pressing  cycles. 

It  has  been  found  that  Douglas  fir  from  cer¬ 
tain  sections  of  Oregon  and  Northern  Cali¬ 
fornia  is  denser  than  our  ordinary  coast  Doug¬ 
las  fir.  This  apparently  is  due  to  conditions  of 
growth  peculiar  to  the  areas  involved. 

The  gluing  operation  and  adhesive  efficiency 
must  be  such  that  the  glue  will  bond  both  to 
the  springwood  and  summerwood.  Moisture  ab¬ 
sorption  rates  from  the  glue  line  vary  in  these 
types  of  wood.  It  is  apparent  from  cursor}' 
studies  made  that  veneer  from  logs  with  a 
higher  density  or  a  higher  percentage  of  sum¬ 
merwood  is  harder  to  glue  than  veneer  from 
logs  with  a  normal  percentage  of  summerwood. 

This  problem  is  accentuated  by  the  surface 
condition  of  the  veneers,  which  is  directly  a 
result  of  the  handling  procedure  from  the 
lathe  to  the  final  assembly. 

A  whole  field  for  investigation  is  open  here 
for  better  adhesive  performance.  The  problem 
can  be  attacked  in  two  ways, 

(1)  Improvements  in  adhesives. 

(2)  Improvements  in  gluability  of  veneers. 

The  adhesive  manufacturers  are  well  aware 
of  the  problem  and  have  spent  considerable 
time  and  research  in  adhesive  improvements. 
However,  it  appears  that  one  of  the  most  fertile 
fields  for  improvement  lies  in  a  more  careful 
survey  and  understanding  of  veneer  gluability. 

There  is  evidence  to  show  that  the  tempera¬ 
ture  to  which  veneer  is  brought  in  drying  has 
a  very  marked  affect  on  the  glue  bond;  appar¬ 
ently  the  higher  the  temperature  the  poorer  the 
specific  adhesive  qualities. 

This  whole  field  of  the  relationship  of  veneer 
quality  and  '.ype  to  glue-bond  quality  deserves 
much  added  study. 

There  is  a  challenge  here  to  the  industry  as 
a  whole;  both  the  glue  supplier  and  plywood 
manufacturer.  Cooperation  in  learning  the  fac¬ 
tors  that  control  good  gluing  and  an  imple¬ 
mentation  of  these  factors  must  be  made  in  or¬ 
der  to  insure  the  final  customer — the  consuming 
public — the  quality  he  desires. 
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Conclusions 

In  review  of  the  foregoing,  it  appears  that 
trends  in  gluing  in  the  plywood  industry  are 
definitely  toward  a  better  understanding  of  the 
problems  involved.  Coupled  with  this  is  earnest 
effort  on  the  part  of  all  concerned  to  see  that 
these  problems,  as  they  are  solved,  are  imple¬ 
mented  with  proper  methods. 

New  developments  in  adhesives  have  been 
along  the  lines  of  improvement  in  basic  raw 
materials  and  methods  as  far  as  protein  glues 
are  concerned  and  a  more  efficient  use  of  the 
resins  in  synthetic  resin  formulations. 

Equipment  for  mixing  and  spreading  of  ad¬ 
hesives  is  being  improved  slowly  but  there  is  a 
basic  fault  in  the  method  of  applying  the  adhe¬ 
sive  by  conventional  glue  spreaders. 

There  is  an  opportunity  to  more  economically 
use  the  present  adhesives  assuming  a  more 
thorough  understanding  of  the  gluing  problem. 


Good  practice  in  the  industry  coupled  with 
more  and  better  quality  control  can  save  dol¬ 
lars  and  cents  in  glue  line  costs.  A  few  of  the 
factors  to  be  watched  are: 

(1)  Accurate  glue  mixing  practices. 

(2)  Good  and/or  improved  glue  spreading 
techniques. 

(3)  Careful  control  of  veneers  coming  to 
the  spreader — presorting  if  possible  into 
smooth  and  rough  categories. 

Protein  glues  will  not  be  supplanted  by  the 
synthetic  resin  adhesives.  Basic  use  require¬ 
ments  of  both  types  will  keep  them  on  a  healthy 
competitive  basis.  Research  will  tend  more 
toward  overcoming  the  basic  defects  of  both 
types  to  the  advantage  of  the  customer. 

Cooperation  among  all  concerned  is  the  key¬ 
note  of  the  continued  economic  use  of  plywood 
by  the  most  important  man  in  the  world — the 
plywood  customer. 


Discussion 

Dr.  Frank  Kaufert  (School  of  Forestry,  Uni¬ 
versity  of  Minnesota) :  Since  present  spreads 
are  more  or  less  adjusted  to  take  care  of  rough 
veneers,  is  it  practical  to  sort  veneers  in  the 
plant  into  smooth  and  rough  grades — thus 
making  reduced  spreads  possible  on  smooth 
veneers  ? 

Mr.  Jack  Rushton  (Weyerhaeuser  Timber 
Co.) :  I  can’t  give  an  answer  right  off.  You 
would  have  to  balance  labor  cost  of  segregation 
against  cost  of  glue  savings. 

Mr.  N.  S.  Perkins  (Douglas  Fir  Plywood 
Assn.) :  We  used  to  have  eight  veneer  grades; 
now  we  have  four.  This  was  hailed  as  a  step 
in  right  direction.  The  industry  is  not  in  favor 
of  segregation  of  grades. 

Mr.  A.  J.  Norton  (Consulting  Chemist):  If 
you  can  break  even  on  cost,  increase  in  quality 
would  be  worthwhile. 


Mr,  Harry  Snell  (Celanese  Corp.  of  Amer¬ 
ica)  :  Does  the  hot  press  affect  the  surface 
characteristics  of  the  wood? 

Mr,  Redfern:  There  seems  to  be  definite  in¬ 
formation  showing  that  it  does;  especially  sur¬ 
face  cracks  and  checks. 

Mr,  /.  F.  Hamilton  (Perkins  Glue  Co.): 
Has  any  method  for  screening  poor  bonds  by 
the  newer  electronic  devices  been  found  satis¬ 
factory? 

Mr,  Perkins:  The  Douglas  Fir  Plywood 
Association  did  some  work  along  this  line  with 
an  eastern  concern  to  detect  blisters  with  super¬ 
sonic  sound.  It  was  not  satisfactory,  because  it 
picked  up  veneer  defects  that  were  not  blisters. 
We  have  since  developed  a  method  of  detect¬ 
ing  blisters  with  lights,  that  seems  to  be  prov¬ 
ing  quite  effective. 
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Future  of  Plastic  Surfaced  Douglas  Fir  Plywood 

John  D.  Ritchie 

Allied  Products  Director,  Douglas  Fir  Plywood  Association,  Tacorna,  Washington 


Plastic  surfaced  Douglas  fir  plywood,  which  has  been  produced  on  a  limited  basis  by  the  fir  plywood 
industry,  is  beginning  to  gain  in  significance.  Better  utilization  of  raw  material,  a  mote  attractive  return  for 
produaion  dollars  spent  and  the  need  for  a  special  product  in  a  competitive  market  have  influenced  this 
industry  toward  strongly  considering  this  type  of  material  in  their  long  range  planning. 


The  "Future  of  Plastic  Surfaced  Douglas 
Fir  Plywood”  is  a  big  subject.  Percent¬ 
age  wise  the  volume  produced  at  present 
is  small,  but  markets  are  expanding  steadily. 
The  potential  capacity  of  the  fir  plywood  mills 
to  manufacture  this  type  of  product  is  tre¬ 
mendous,  so  that,  with  the  development  of 
new  uses  apd  new  markets  plus  other  consid¬ 
erations  to  be  discussed  later  in  this  paper,  it 
seems  inevitable  that  the  "overlays”  will  play  a 
significant  part  in  the  future  of  the  fir  ply¬ 
wood  industry. 

The  subject  is  not  a  new  one  and  it  may 
seem  odd  that  we  are  still  talking  about  the 
future  of  plastic  surfaced  Douglas  fir  plywood 
when  the  material  actually  has  been  manufac¬ 
tured  since  the  early  days  of  the  war.  Many 
millions  of  feet  have  been  made,  but  the  real 
volume,  according  to  the  standards  of  the  fir 
plywood  manufacturer,  is  still  in  the  future. 

The  fact  that  the  production  of  plastic  sur¬ 
faced  plywood  has  not  expanded  to  a  greater 
extent  during  the  recent  years  is  due  primarily 
to  a  steady  demand  for  all  of  the  standard 
Douglas  fir  plywood  that  could  be  manufac¬ 
tured.  Under  such  conditions,  special  products, 
which  require  more  attention  and  particularly 
more  press  capacity,  develop  rather  slowly. 
Some  material  has  been  .made  right  along,  how¬ 
ever.  It  has  been  a  good  breaking-in  period, 
so  that  the  time  has  not  been  lost. 

Overlaid  fir  plywood  as  a  new  product 
already  has  been  covered  in  previous  papers 
and  magazine  articles.  For  this  reason,  this  dis¬ 
cussion  will  be  devoted  primarily  to  demon¬ 
strating  how  these  products  fit  into  the  over-all 
industry  picture.  Conditions  in  the  fir  plywood 
industry  change  as  they  do  in  other  industries; 
some  gradually,  some  rapidly  and  unexpectedly. 
Therefore,  if  we  examine  these  products  in  the 


light  of  present  circumstances,  perhaps  we  can 
keep  our  paper  current  and  avoid  repeating 
what  has  oft  been  said  before. 

To  begin  with,  there  are  two  requirements 
that  any  new  product  must  meet  if  it  is  to 
have  a  future.  First — there  must  be  a  demand 
for  it.  Second — it  must  be  economical  enough 
to  produce  so  that  it  can  be  sold  at  an  accept¬ 
able  price  and  return  a  reasonable  profit. 

Sometimes  the  demand  comes  first;  other 
times  the  product.  In  the  case  of  plastic  sur¬ 
faced  plywood,  it  has  been  established  that  it 
can  be  produced  economically.  Now  we  are  be¬ 
ginning  to  give  it  the  necessary  push  to  build 
a  market  to  receive  it  in  volume  and  thus  pro¬ 
vide  the  two  requirements  for  a  sound  future. 

Materials  Currently  Produced 

Before  discussing  the  overlaid  fir  plywoods 
currently  produced  it  should  be  emphasized  that 
at  this  stage  in  their  development,  no  manufac¬ 
turer  is  entirely  set  on  the  markets  which  he 
proposes  to  seek  out,  nor  is  he  entirely  certain 
that  his  present  overlay  is  exactly  that  which  he 
will  wish  to  make  in  the  final  analysis.  There¬ 
fore,  while  I  am  obliged  to  speak  of  types  of 
overlay,  I  do  not  wish  to  leave  the  impression 
that  they  are  in  any  way  fixed  or  without  pos¬ 
sibility  of  adjustment. 

There  are  three  main  types. of  plastic  .sur¬ 
faced  Douglas  fir  plywood  produced  now.  Each 
has  its  individual  characteristics,  but  they  all 
have  certain  things  in  common.  They  are  manu¬ 
factured  in  standard  plywood  sizes  and,  with 
one  exception,  standard  plywood  thicknesses. 
They  can  all  be  manufactured  on  present 
equipment. 

One  type  provides  an  opaque  surface.  It  is  a 
solid  color,  usually  reddish  brown,  but  a  limited 
number  of  panels  have  been  made  in  lighter 
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shades.  This  material  is  intended  to  blank  out 
the  underlying  veneer  grain  and  present  a  uni¬ 
form,  smooth  surface.  It  is  a  phenolic  resin 
impregnated  paper  hot  pressed  to  exterior  type 
Douglas  fir  plywood.  It  is  tough,  durable,  and 
an  excellent  paint  base. 

The  second  product  is  manufactured  in  a 
similar  manner,  but  it  provides  a  translucent 
surface  that  allows  the  underlying  grain  pat¬ 
tern  to  show  through  as  a  distinctive  appear¬ 
ance  characteristic.  It  is  usually  natural  in  color. 
It  also  may  be  painted,  but  since  it  has  a  very 
hard  abrasion-resistant  surface,  it  is  most  often 
used  in  locations  where  no  finish  is  required. 

Product  number  three  is  quite  different  from 
the  other  two.  Rather  than  a  resin-impregnated 
overlay,  this  material  is  made  up  of  a  phenolic 
resin  and  wood-fiber-mix  hot  pressed  to  one 
side  only  of  an  exterior  panel.  It  is  wood  color 
and  provides  a  good  paint  base.  To  date  it  is 
made  only  in  the  %-inch  thickness. 

If  you  examine  samples  of  these  products, 
you  will  note  that  they  are  attractive  in  appear¬ 
ance,  painted  or  unpainted,  but  that  they  are 
different  from  decorative  laminates.  The  fir 
plywood  industry  is  geared  to  large  production. 
Their  specialty  items  can  be  produced  in  large 
quantities  on  present  fir  plywood  manufactur¬ 
ing  equipment.  They  are  not  low-volume, 
high-return  items. 

Overlays  Improve  Log  Recovery 

You  may  be  acquainted  with  the  tremendous 
expansion  of  the  fir  plywood  industry  during 
the  past  eleven  years.  Production  has  increased 
from  six  hundred  fifty  million  square  feet  in 
1938  to  two  billion  square  feet  in  1948  and 
1949.  The  year  1950  promises  to  be  the  highest 
yet.  The  number  of  manufacturing  units  has 
increased  from  18  in  1938  to  54  at  present. 
Hence,  the  demand  for  peeler  logs  has  in¬ 
creased  at  a  corresponding  rate.  Log  procure¬ 
ment  has  generally  become  the  number  one 
problem.  In  order  to  protect  their  source  of 
raw  material,  many  operators  have  acquired 
their  own  logging  operations. 

Not  only  has  the  demand  for  peeler  logs 
increased  tremendously,  but  the  available  sup¬ 
ply  is  not  of  the  clear,  old-growth  type  used  in 
the  past.  As  a  result,  the  plywood  industry  has 
had  to  do  more  patching,  more  plugging,  more 


shimming,  and  more  jointing  of  narrow  strips 
than  ever  before.  The  industry  has  increased 
the  percentage  of  5-ply  and  "one-side”  panels 
produced  in  order  to  spread  the  top  quality 
face  veneers  as  far  as  possible.  The  commercial 
standards  are  kept  current  so  that  they  remain 
in  line  with  the  quality  of  veneer  available. 

Plastic  surfaced  plywood  has  a  very  definite 
place  in  this  picture.  It  is  an  effective  means  of 
upgrading  veneers  into  premium,  finished  prod¬ 
ucts.  This  does  not  mean  disguising  low  qual¬ 
ity  material.  With  overlay  surfaces,  veneers 
can  be  repaired  more  rapidly  and  econom¬ 
ically  than  would  be  possible  if  the  veneers 
were  exposed.  Actually  all  veneer  for  plastic 
surfaced  panels  manufactured  today  must  meet 
the  standard  for  exterior  type  Douglas  fir  ply¬ 
wood.  So  far  all  overlaid  panels  exceed  that 
standard. 

Overlays  a  Factor  in  Plywood 
Production  Costs 

In  addition  to  improving  log  recovery,  plastic 
overlaid  panels,  as  they  are  manufactured  con¬ 
currently  with  fir  plywood,  can  play  an  impor¬ 
tant  part  in  meeting  high  production  costs,  par¬ 
ticularly  in  regard  to  logs,  labor,  and  overhead. 

Log  prices  have  risen  steadily  during  the  past 
ten  years  and,  with  a  decreasing  supply,  it  is 
concluded  that  they  will  remain  high.  In  addi¬ 
tion,  there  is  the  ever  increasing  expense  of 
transportation.  Logs  must  be  moved  farther 
from  the  forest  to  the  plants. 

Hourly  wages  are  at  an  all  time  high.  These 
also  must  be  considered  permanent.  In  addi¬ 
tion  to  hourly  wages,  there  is  increased  cost 
due  to  the  added  manpower  required  to  make 
plywood  from  the  raw  material  available  today. 

Overhead  has  in  the  past  few  years  taken  all 
the  usual  jumps  plus  increases  which  go  along 
with  the  extra  manpower  and  machinery  neces¬ 
sary  under  present  circumstances. 

In  view  of  the  foregoing,  it  has  been  said 
that  the  only  out  for  the  industry  is  to  improve 
on  equipment  and  to  keep  a  constant  vigil  on 
efficiency  of  manufacture.  This  is  correct  as 
far  as  it  goes,  but  there  is  another  answer — that 
is,  to  produce  some  special  product  which  em¬ 
ploys  generally  these  same  raw  materials,  labor, 
and  overhead,  but  which  will  bring  in  a  higher 
dollar  return  per  unit. 
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This  is  where  overlays  fit  in.  Certainly  there 
are  some  added  costs  in  connection  with  these 
specialty  products.  There  is  the  cost  of  the  pa¬ 
per,  the  resin,  and  the  longer  pressing  schedules 
which  may  mean  reduced  production.  In  addi¬ 
tion,  numerous  small  expenses  are  connected 
with  the  manufacture  of  a  premium  quality 
item.  Yet,  it  has  been  proved  (with  these 
things  considered)  that  such  special  products 
can  be  produced  to  advantage. 

Thus  it  can  be  shown  that  the  manufacture 
of  plastic-surfaced  Douglas  fir  plywood  can  be 
fitted  into  the  production  pattern  of  this  in¬ 
dustry  with  the  result  that  a  more  economical 
use  can  be  made  of  the  logs,  and,  with  com¬ 
parable  production  costs,  a  high  quality  prod¬ 
uct  can  be  manufactured  which  will  bring  a 
greater  dollar  return. 

Overlays  Complete  the  Marketing  Program 

Now,  from  the  sales  standpoint,  I  believe  it 
can  be  shown  that  overlays  can  play  a  significant 
part  in  a  well  rounded  marketing  program.  It 
already  has  been  stated  that  a  decision  as  to 
whether  or  not  to  manufacture  such  special 
products  depends  primarily  on  demand — actual 
or  potential.  It  depends  likewise  on  what  the 
demand  is  for  the  bread  and  butter  item, 
Douglas  fir  plywood;  and  on  what  the  com¬ 
petitive  situation  may  be  in  regard  to  Douglas 
fir  plywood.  To  illustrate — may  I  remind  you 
that  the  fir  plywood  industry,  with  all  its  in¬ 
creased  capacity,  operated  at  full  tilt  for  10 
years  up  through  most  of  1948.  The  shortage 
of  plywood  was  acute;  order  files  were  full 
without  exception,  and  volume  production  was 
the  prime  consideration.  Under  such  condi¬ 
tions,  specialties  necessarily  took  a  back  seat. 

Came  the  turn — and  we  found  ourselves  like 
many  other  industries  in  a  strenuous  competi¬ 
tive  situation.  We  are  over  the  first  shock  and 
today  the  volume  of  business  is  excellent,  but 
the  industry  is  now  keenly  aware  of  the  need 
for  a  vigorous  and  continuing  sales  program. 
A  long  range  viewpoint  is  being  taken  regard¬ 
less  of  the  fact  that  the  need  for  developing 
immediate  outlets  is  not  present. 

These  are  the  circumstances  best  suited  for 
such  new  developments  as  the  plastic  surfaced 
panels.  First — because  top  efficiency  in  produc¬ 
tion  replaces  top  volume  as  the  number  one 
goal.  There  is  a  place,  therefore,  in  the  manu¬ 


facturing  schedule  for  specialties.  Second — be¬ 
cause  it  is  advantageous  in  a  highly  competitive 
market  to  have  a  "lead  item”;  a  specialty  which 
is  not  manufactured  by  everyone  else.  It  will 
bring  a  greater  dollar  return.  It  can  be  an 
entering  wedge  and  many  times  will  carry  the 
primary  product  along  with  it.  Third — since  it 
is  a  premium  specialty  and  not  manufactured  by 
all  of  the  producers  of  regular  Douglas  fir  ply¬ 
wood,  it  may  have  a  stabilizing  influence  on  the 
market  generally.  It  need  not  be  subjected  to 
the  sometimes  erratic  ups  and  downs  of  ply¬ 
wood  and  lumber. 

Since  demand  is  the  number  one  considera¬ 
tion  in  the  last  analysis,  let  us  examine  for  a 
moment  what  demands  exist  at  present  and 
what  potential  demands  may  be  expected  in  the 
future.  In  times  like  these,  one  might  easily  be 
led  astray  by  apparent  enthusiasm  for  new 
products  which,  over  the  long  pull,  might  not 
continue.  When  the  regularly  produced  mate¬ 
rial  is  difficult  to  obtain,  a  certain  amount  of 
demand  for  specialties  builds  up  because  they 
may  be  more  readily  available.  Tlius  a  false 
situation  is  created  because  the  premium  prod¬ 
ucts  may  be  put  to  uses  which  normally  would 
not  make  sense.  If  our  mills  were  willing  to 
promise  today  that  overlaid  panels  could  be  de¬ 
livered  promptly,  I  have  no  doubt  that  they 
could  stimulate  a  tremendous  interest  in  the 
material  on  that  basis  alone.  This  approach  has 
been  rejected.  Actually,  production  of  plastic 
surfaced  panels  is  limited  substantially  so  that 
the  bread  and  butter  item  can  be  produced  in 
volume. 

There  is  a  very  real  demand  for  these  prod¬ 
ucts  at  present  which  I  am  convinced  is  based 
on  the  qualities  that  the  materials  offer  and  the 
promotion  and  advertising  which  has  been  put 
behind  them  so  far.  It  is  not  a  result  of  a  tem¬ 
porary  plywood  shortage. 

Concrete  Forms  Expanding  Market 

Concrete  form  work  is  perhaps  the  greatest 
single  outlet.  Overlays  do  a  superior  job  in 
providing  a  smooth,  "fin-free”  concrete  surface. 
They  can  be  reused  many  times  so  that  they 
are  economical.  They  strip  easily,  clean  readily, 
and  will  stand  a  great  deal  of  abuse.  Where  a 
smooth  architectural  type  of  concrete  is  required 
and  it  is  possible  to  reuse  the  panels  again  and 
again,  they  are  ideally  suited. 
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Perhaps  the  best  illustrations  of  this  type  of 
use  are  some  of  the  huge  apartment  house  jobs 
throughout  the  country.  Outstanding  among 
these  is  the  giant  Parklabrea  project  in  Los  An¬ 
geles.  Here  eighteen  apartment  house  buildings 
each  thirteen  stories  high  plus  one-story  garages 
are  of  concrete  construction.  Concrete  forms  re¬ 
quired  3,000,000  sq.  ft.  of  Douglas  fir  ply¬ 
wood  of  which  750,000  were  plastic  surfaced. 
All  the  exterior  of  the  buildings  and  interior 
ceilings  were  formed  against  plastic  to  supply 
the  smoothest  surface  possible.  The  ceilings 
will  be  painted  as  is,  with  a  minimum  of  fur¬ 
ther  preparation.  The  Parkway  Apartments, 
located  just  outside  of  Newark,  New  Jersey,  is 
another  example.  The  well  known  Gowanus, 
Woodside,  Jacob  Riis,  and  Waldon  Terrace 
projects  are  excellent  demonstrations  in  and 
around  New  York  City.  This  is  a  big  market 
and  indications  are  that  it  will  continue  to 
increase. 

Other  Uses 

There  are  numerous  other  applications  such 
as  box  cars,  refrigerator  cars,  truck  bodies, 
trailers,  walk-in  refrigerators,  cabinets,  table 
tops,  marine  uses,  toys,  cut-outs,  exterior  sid¬ 
ing,  store  fixtures, — even  flooring.  These  are 
demonstrated  uses,  but  they  have  not  yet  been 
developed  to  any  significant  extent.  They  rep¬ 
resent  tremendous  potential  markets. 

Consider  siding  material  for  example  No 
real  emphasis  has  been  placed  on  the  use  of 
overlays  for  this  purpose,  yet  it  can  be  advo¬ 
cated  for  a  lot  of  very  good  reasons.  Like  ply¬ 
wood,  large  panels  have  the  advantage  in  that 
they  can  be  applied  swiftly  with  consequent  re¬ 
duction  in  labor  costs.  Such  panels  would  pro¬ 
vide  a  uniform,  smooth  surface  which  will  with¬ 
stand  permanent  exterior  exposure  and  on 
which  a  good  quality  paint  will  hold  up  for  a 
long  time. 

Lapped  siding  is  very  popular  and  probably 
always  will  be  in  some  form.  It  is  possible  to 
cut  these  panels  into  attractive  widths  for  this 
type  of  application,  and  there  is  an  added  ad¬ 
vantage  here  because  wider  boards  may  be  ob¬ 
tained  than  are  generally  available  in  lumber 
siding.  The  lengths  are  such  that  there  is  a 
minimum  of  waste  involved.  One  manufacturer 
is  willing  to  rip  panels  into  8-,  16-,  or  24-inch 
widths,  and  package  and  deliver  them  at  a 
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price  that  is  competitive  with  other  siding  mate¬ 
rials.  That  is  the  direction  in  which  we  art- 
heading.  If  any  kind  of  a  market  at  all  can  be 
built  up  for  siding,  gable  ends,  and  similar 
exterior  uses,  these  outlets  alone  might  well 
tax  industry  production. 

Actually  most  of  these  products  could  be 
applied  anywhere  that  plywood  is  employed  be¬ 
cause  they  have  the  inherent  characteristics  of 
plywood.  They  do  have  premium  quality  faces, 
however,  so  that  uses  are  limited  to  location 
where  this  is  of  definite  value.  Plastic  surfaced 
panels  are  not  in  competition  with  regular 
panels.  They  can  be  promoted  for  uses  where 
their  special  properties  are  particularly  valuable 
and  thus  contribute  to  expanding  the  markets  of 
the  plywood  industry  generally. 

Plywood  Association  Program  for 
Plastic  Overlays 

We  are  confident  that  there  will  be  new  spe¬ 
cial  products  in  the  future  and  that  the  volume 
of  those  now  produced  will  increase.  On  this 
premise,  the  management  committee  of  the 
Douglas  Fir  Plywood  Association  established 
the  Allied  Products  Department.  Perhaps  a 
summary  of  the  program  set  up  for  this  divi¬ 
sion  will  serve  to  round  out  the  discussion. 

By  way  of  preliminary  explanation,  the 
Douglas  Fir  Plywood  Association  is  a  trade 
promotion  organization  made  up  of  50  mills. 
These  plants  are  located  on  the  Pacific  Coast 
between  Calpella,  California,  which  is  almost 
down  to  the  San  Francisco  area,  and  Belling¬ 
ham,  Washington  near  the  Canadian  border.  It 
is  a  voluntary  organization  of  these  manufac¬ 
tures  for  promotion,  research,  and  ijuality  con¬ 
trol  of  Douglas  fir  plywood.  The  Association  is 
made  up  of  a  number  of  departments:  Publicity, 
Field  Service,  Technical,  Traffic,  Statistical  and 
Allied  Products. 

The  relatively  new  Allied  Products  Depart¬ 
ment  was  set  up  for  the  purpose  of  working 
the  plastic  surfaced  plywood  and  other  special 
materials  into  the  comprehensive  industry  pro¬ 
gram.  Thus,  Association  experience  arid  facili¬ 
ties  are  now  being  put  to  work  for  these  new 
materials. 

Considerable  progress  has  been  made  to  date. 
A  lot  of  preliminary  testing  has  been  carried  on 
in  the  Association  Laboratory  to  build  up  in¬ 
formation.  We  now  have  a  standard  set  of  uni- 
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form  test  methods  for  evaluating  the  properties 
of  the  overlays.  These  are  tentative,  but  they 
are  in  workable  form  and  are  being  employed. 
A  quality  control  procedure  including  routine 
inspection  and  glue  line  testing  has  been  estab¬ 
lished  and  is  in  force  at  the  present  time. 

From  the  promotion  standpoint,  a  uniform 
trade-mark  for  certification  of  quality  will  be 
branded  on  all  products  coming  within  the 
scope  of  the  program  and  will  be  used  in  adver¬ 
tising  and  promotional  literature.  Industry  wide 
advertising  of  overlays  through  the  Association 
is  in  a  formative  stage,  but  the  first  material 
should  be  out  before  long.  This  will  be  educa¬ 
tional  in  form  and  quite  general. 

Technical  data  pertaining  to  each  product 
will  be  distributed  by  the  manufacturer. 

All  manufacturers  of  plastic  surfaced  ply¬ 
wood  indicate  that  their  individual  advertising 


Discussion 

Mr.  G.  Royer  (Dant  &  Russell)  :  Are  any  of 
the  overlays  produced  as  an  interior  type  mate¬ 
rial? 

Mr.  Ritchie:  Overlays  are  designed  for  both 
interior  and  exterior  applications.  However,  the 
glue  line  in  the  base  panel  and  the  plastic  sur¬ 
faces  are  exterior  quality  without  exception; 
suitable  for  permanent  outdoor  exposure. 

Air.  Roy  M.  Carter  (N.  C.  State  College) : 
The  increased  production  of  hardwood-faced 
Douglas  fir  plywood  has  developed  new  outlets 
for  plywood.  What  effect  do  you  expect  the 
future  production  of  such  panels  will  have  on 
the  regular  fir  plywood  production? 

Mr.  Ritchie:  This  question  is  a  bit  afield  of 
our  subject;  however,  I  can  offer  this  comment 
— Manufacture  of  hardwood  faced  plywood  is 


campaigns  will  increase  and  we  have  devoted  a 
considerable  amount  of  time  in  the  Allied 
Products  Department  to  working  with  the 
manufacturers  on  the  promotion  of  their  own 
products. 

The  foregoing  information  is  offered,  not  to 
publicize  the  Douglas  Fir  Plywood  Association, 
but  to  show  you  that  the  plywood  manufacturers 
have  a  real  interest  in  plastic  surfaced  plywood 
and  that  they  are  willing  to  put  time  and  money 
into  its  development.  We  are  convinced,  first — 
that  overlays  can  perform  a  very  significant 
function  in  better  integrating  production  and 
in  contributing  to  a  well  rounded  marketing 
program;  second — that  with  keen  competition 
anticipated  for  the  future,  there  will  be  a  sharp 
up-swing  in  the  development  of  new  specialties 
and  in  the  volume  of  production  of  such  items 
now  being  made. 


bound  to  cut  into  the  production  of  fir  panels 
at  the  individual  mill  where  it  is  produced. 
From  an  industry  standpoint,  however,  I  doubt 
that  it  will  affect  the  total  footage  of  fir  ply¬ 
wood  produced  very  much.  I  believe  the  hard¬ 
wood  will  find  new  spots  or  retain  old  ones 
which  might  otherwise  be  lost  by  the  fir  panels. 
Hardwood  will  supplement  fir  production,  not 
compete  with  it. 

Mr.  E.  IF.  Wellwood  (Canadian  Forest 
Products,  Ltd.):  Will  these  plastic  faced  ply¬ 
wood  panels  supplement  the  present  market  of 
Douglas  fir  plywood  or  will  they  go  into  new 
markets  ? 

Mr.  Ritchie:  Like  hardwood  faced  fir  ply¬ 
wood,  the  plastic  overlays  have  a  plus  value 
which,  I  believe,  means  they  can  seek  out  new 
uses  never  before  open  to  regular  fir  plywood 
and  they  may  help  retain  present  markets  which 
might  otherwise  slip  away. 
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Predicting  Exterior  Plywood  Performances 

N.  S.  Perkins 

Technical  Director,  Douglas  Fir  Plywood  Association 

Data  are  presented  to  demonstrate  the  correlation  between  the  dtirability  of  Exterior  Type  (commonly 
known  as  "waterproof”)  Douglas  fir  plywood  and  the  percentage  of  wood-failure  occurring  in  laboratory 
shear  specimens  subjected  to  the  U.  S.  (Commercial  Standard  boiling  and  drying  test,  followed  by  breaking  in 
a  tension-shear  machine.  A  brief  history  is  given  of  the  development  of  industry  standards  and  test  mocedures, 
•ncluding  the  introdu  tion  of  blood  as  a  phenolic  resin  extender.  The  industry’s  return  to  straight  phenolic 
resins,  their  high  performance  records,  and  the  subsequent  fixing  of  90  percent  wood  failure  for  glue  approval 
are  detailed.  Ihe  adoption  by  the  ply  wood  industry  of  a  more  rigid  quality  control  system  including  high 
wood-failure  standards  and  improvra  sampling  m^ods  is  related,  with  a  description  of  test  details.  The 
conclusion  is  that  insistence  on  high  wood  failure  in  laboratory  tests  of  Exterior  plywood  is  a  practical  means 
of  assuring  durable  material. 


Introduction 

HE  essence  of  this  paper  is  the  establish¬ 
ment  of  a  definite  relationship  between 
laboratory  tests  and  actual  field  perform¬ 
ance  of  Douglas  fir  plywood  made  with  a  water¬ 
proof-type  adhesive. 

The  Material 

Exterior  plywood  is  that  manufactured  to 
endure  as  long  as  the  wood  itself,  in  outside 
exposures.  Durability  will  refer  entirely  to  the 
capacity  of  plywood  to  withstand  exposure 
without  delamination.  The  discussions  will  be 
confined  to  Douglas  fix  plywood,  which  com¬ 
prises  more  than  90  percent  of  all  construction 
plywood,  as  well  as  a  large  percentage  of  that 
used  industrially.  i  ^ 

Douglas  fir  plywood,  first  produced  in  1905 
for  drawer  bottoms  and  backs  of  furniture,  be¬ 
gan  to  attain  importance  about  '1930;  by  1934 
nearly  400  million  square  feet,  based  on  the 
customary  %-inch  rough  thickness,  were  pro¬ 
duced.  That  year  marked  the  advent  of  hot- 
pressed  phenolic  resin  as  an  adhesive  in  Doug¬ 
las  fir  plywood.  At  first  only  one  or  two  mills 
produced  this  more  durable  material  so  that  in 
1938  only  twelve  million  feet,  less  than  two 
percent  of  the  total  fir  plywood  volume,  was 
made.  Ten  years  later,  however,  in  1948,  out 
of  nearly  two  billion  square  feet  total  produc¬ 
tion,  625  million  was  of  the  exterior  type. 

Development  of  Performance  Standards 

In  1936  the  Douglas  Fir  Plywood  Associa¬ 
tion,  or,  for  short,  the  DFPA,  set  up  a  small 
technical  staff  and  began  laboratory  testing  of 
plywood  from  the  different  mills.  Tlse  indus¬ 


try  had  as  its  grading  rules  the  U.  S.  Commer¬ 
cial  Standard  for  Douglas  fir  plywood,  which 
was  revised  every  two  or  three  years  and  which 
regulated  the  quality  of  the  glue  line  with  the 
innocuous  phrase  "shall  be  well  manufactured”. 

In  1938,  our  industry  for  the  first  time  in¬ 
cluded  glue-line  performance  in  revising  the 
U.  S.  Commercial  Standard.  This  covered  both 
Exterior  and  Moisture-Resistant  types. 

In  the  tests  for  Exterior  Type  plywood,  we 
had  had  little  experience.  Fortunately,  the  For¬ 
est  Products  Laboratory  did  have,  from  panels 
of  various  kinds  of  plyw(X)d  which  had  been 
weathering  for  nearly  five  years.  It  was  their 
conclusion  that  if  standard  plyw(X)d  shear  speci¬ 
mens  revealed  50  percent  wood  failure  after 
being  subjected  either  to  three  and  a  half  cycles 
of  cold  soaking  and  drying,  or  to  two  cycles  of 
boiling  and  145®  F.  drying,  the  panel  could  be 
expected  to  have  a  long  service  life.  Just  how 
long,  no  one  was  willing  or  able  to  predict. 
Since  these  recommendations  represented  the 
best  knowledge  available,  however,  they  were 
accepted  by  our  industry.  When  the  new  Stand¬ 
ard  for  Douglas  fir  plywood  became  effective 
in  November,  1938,  all  of  our  mills  immedi¬ 
ately  began  producing  plywood  to  conform  to 
one  or  both  of  the  two  standard  types  and  the 
various  grades  established  therein.  The  new 
type  was  designated  "Exterior”  to  suggest  its 
permanent  outside  use,  whereas  the  more 
familiar  type  was  named  "Moisture-Resistant”. 

Beginning  of  Quality  Control 

During  the  spring  of  1938,  the  DFPA  ac¬ 
quired  copyrighted  grade-marks  and  trade¬ 
marks  and  arranged  for  our  mills  to  use  these 
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grade-marks  on  their  plywood,  provided  it 
would  pass  the  new  performance  standards. 

Inspection 

Our  inspection  service  was  reorganized  to 
give  inspectors  the  responsibility  of  checking 
all  phases  of  manufacture,  especially  the  gluing 
schedules,  and  also  of  gathering  samples  from 
each  mill  for  testing  in  the  DFPA  laboratory. 

Details  of  1938  Testing 
For  Exterior  Type  Sampling 

The  Commercial  Standard  test  for  Exterior 
called  for  an  average  of  60  percent  wood  failure 
for  the  five  test  samples  taken  from  each  test 
panel,  and  a  minimum  of  30  percent  for  any 
one  specimen.  Those  values  were  considered 
adequate  and  safe  to  insure  the  manufacture  of 
durable  plywood  panels. 

In  our  routine  sampling  and  testing,  we  used 
these  same  limits.  Because  of  the  time  con¬ 
sumed  in  making  tests,  we  aimed  at  controlling 
quality  trends.  Another  consideration  was  the 
destructive  feature  of  the  Commercial  Standard 
sampling  that  called  for  pieces  to  be  cut  from 
the  center  and  four  corner  areas  of  a  panel.  ■ 

Consequently,  in  cutting  samples  from  panels 
selected  for  test,  we  took  strips  one  or  two  feet 
long  from  the  ends. 

Test  Procedure 

In  making  the  laboratory  test  for  Exterior 
Type  today,  as  in  1938,  ten  standard  shear 
specimens,  as  illustrated  in  Fig.  1,  are  cut  from 


the  samples.  Each  specimen  is  1  inch  wide  by 
3^4  inches  long,  with  saw  cuts  one  inch  from 
either  end  and  one  inch  apart.  In  a  3;ply  speci¬ 
men  each  saw  cut  extends  almost  through  two 
plies  nearly  to  the  glue  line,  one  from  each  side. 
Specimens  are  then  boiled  for  four  hours  in  vats 
as  shown  in  Fig.  2,  dried  in  an  oven  at  ap¬ 
proximately  145®  F.  for  20  hours,  given  another 
four  hour  boiling  cycle,  and  broken,  while  still 
wet,  in  a  tension-shear  machine.  Breaking  or 
"shear”  loads  are  recorded  (Fig.  3).  After  the 
specimens  have  dried  out,  at  least  overnight, 
the  percentage  of  wood  failure  over  the  one 
square  inch  of  fractured  area  is  estimated. 
Typical  examples  of  wood  failures  are  shown  in 
Fig.  4.  The  two  inner  squares  in  each  specimen 
are  the  fractured  areas.  Fig.  5  shows  laboratory 
assistant  "reading”  a  tray  of  shear  specimens. 

Boil  Test  Adopted  as  Routine 

The  boil  test  originally  was  merely  an  alter¬ 
nate  for  the  regular  three  and  a  half  cycle  test 
of  soaking  and  drying,  followed  by  breaking  in 
the  tension-shear  machine,  and  appraisal  of  the 
pieces  for  wood  failure.  Since  the  boiling  test 
was  quicker  and  more  convenient,  it  was 
adopted  as  the  routine  test  for  our  regular  pro¬ 
duction,  although  both  procedures  are  still  used 
in  making  initial  approvals  of  glues. 

Exposure  Fences 

Shortly  after  Exterior  plywood  had  been 
adopted  as  a  type,  a  rather  extensive  exposure 
test  fence  was  started  near  Tacoma  in  order  to 


Fig.  1. — Standard  shear  specimen. 
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ascertain  just  how  Exterior  plywood  could  be 
expected  to  withstand  exposure  to  the  weather, 
and  to  learn  whether  our  criterion  of  durability 
was  sound.  Fig.  6  is  a  photo  of  a  section  of 
this  fence  in  April  1949.  A  close-up  is  shown 
in  Fig.  7. 


Fig.  6. — Section  of  test  fence,  1949. 


Fig.  7. — Close-up  of  test  fence,  1949. 


It  should  be  noted  that  the  plywood  samples 
on  this  fence  undergo  a  considerably  more 
severe  test  than  do  panels  in  normal  service, 
which  are  nearly  always  painted,  or  covered  by 
moldings  or  flashings,  and  if  installed  as  we 
recommend,  are  always  protected  on  the  edges 
with  a  coating  of  thick  paint. 


In  selecting  a  sample  for  the  test  fence,  a 
fairly  large  piece  was  cut  from  a  4-  by  8-foot 
panel.  Then  from  this  piece,  ten  1-  by  3V^-inch 
laboratory  shear  specimens  were  prepared  and 
tested  to  determine  the  average  wood  failure  for 
that  piece.  Then  a  larger  piece,  about  10  by  12 
inches  but  not  standardized  as  to  size,  was  re¬ 
moved  from  the  original  sample,  assigned  the 
same  wood-failure  reading  and  number  as  the 
laboratory  test  sample,  and  placed  on  the  fence. 
It  was  not  deemed  necessary  to  select  exposure 
specimens  immediately  adjacent  to  the  labora¬ 
tory  specimens.  Consequently,  certain  inaccu¬ 
racies  were  bound  to  occur  in  comparing  the 
wood  failure  of  the  laboratory  sample  with  the 
performance  of  its  companion  sample  on  the 
exposure  fence. 

Introduction  of  Phenol-Blood  Adhesives 

Interest  in  Exterior  plywood  had  stimulated 
research  in  resin  adhesives,  and  before  long, 
glues  that  were  known  as  "phenol-blood”  glues 
were  being  submitted  to  the  industry  as  Exte¬ 
rior  adhesives.  They  were  phenolic  resins  with 
blood  additives.  Several  of  these  glues  passed 
the  Commercial  Standard  test  and,  as  they  of¬ 
fered  cost  reductions,  became  quite  popular  as 
various  mills  installed  hot  plate  presses.  Ac¬ 
cordingly,  in  1940  about  48  million  feet  ot 
Exterior  Type  plywood  was  produced,  as  com¬ 
pared  to  only  4.5  million  in  1936. 

First  Warning  of  Phenol-Blood  Failures 

Late  in  1941,  several  failures  in  phenol-blood 
glued  samples  had  been  noted  on  our  fence, 
but  because  of  the  war,  it  was  not  until  well 
along  in  1942  that  any  further  action  was  taken. 
A  count  was  made  then  of  the  delaminations  in 
the  phenol-blood  samples  and  those  with  the 
straight  phenolic  resins.  An  approximate  pic¬ 
ture  of  the  relative  performances  as  noted  then 
is  shown  in  Fig.  8.  The  increasing  number  of 
failures  in  the  blood  combinations  is  apparent, 
and  was  disturbing  to  us. 

However,  the  exposure  tests  were  recognized 
as  accelerated  and  quite  severe.  Also,  the  field 
performance  of  the  Exterior  Type,  as  far  as 
any  complaints  to  the  mills,  appeared  to  be  rea¬ 
sonably  satisfactory.  Most  important  was  the 
matter  of  strategic  materials.  There  had  been 
an  increasing  demand  for  Exterior  plywood  by 
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Fig.  8. — Comparison  of  the  performance  of  the  straight  phenolic  resins  and  the  blood-extended  phenolic  glues. 


the  Armed  Forces,  and  a  serious  shortage  of 
phenol.  Moreover,  straight  resin  glues  were 
not  generally  available  to  the  mills,  so  no  de¬ 
cisive  action  was  taken. 

Our  tests  were  continued,  however,  and  by 
the  spring  of  1943  enough  evidence  had  been 
accumulated  so  that  the  industry  felt  justified 
in  banning  the  use  of  the  DFPA  grade-marks 
on  any  plywood  made  with  glue  containing 
blood  or  other  proteins.  That  prohibition  was 
established  as  a  policy  by  the  DFPA  and  re¬ 
mains  in  effect  today. 

Period  of  Straight  Resin  Adhesives 

Following  the  elimination  of  the  phenol- 
blood  glues  for  Exterior  plywood,  several  glue 
manufacturers  began  furnishing  straight  phe¬ 
nolic  resin  adhesives.  As  a  result,  wood  failure 
in  laboratory  tests  became  consistently  higher. 
In  fact,  during  a  period  of  2^  years,  from 
about  1943  through  1945,  the  monthly  average 
wood  failure  for  our  Exterior  plywood  ranged 
from  90  to  95  percent.  This  was  during  the 
war  years  when  Exterior  production  had  leaped 
to  nearly  400  million  square  feet  annually. 

The  Gjmmercial  Standard  requirement  for 
wood  failure  was  still  only  60  percent,  as  a 
minimum  average,  but  after  about  a  year  of 


industry  averages  in  the  90  percent  bracket,  we 
arbitrarily  raised  the  DFPA  standard  to  a  90 
percent  minimum  for  "approving”  new  glues. 
That  was  in  1945. 

This,  of  course,  raised  the  question  of  how 
high  the  wood  failure  should  be  in  the  U.  S. 
Commercial  Standard  performance  tests.  We 
thought  it  should  be  higher  than  60  percent 
but  needed  something  definite  on  which  to  base 
our  conclusion. 

Possibility  of  Connection  Between  Wood 
Failure  and  Durability 

There  were  several  bits  of  evidence  to  make 
us  suspect  that  there  was  a  closer  connection 
between  wood  failure  and  durability  than  we 
had  been  assuming.  A  report  written  in  1938 
by  Don  Brouse  of  the  U.  S.  Forest  Products 
Laboratory,  stated:  "One  of  the  first  impres¬ 
sions  gained  in  this  study  was  the  importance 
of  the  amount  of  wood  failure  developed  when 
testing  the  joints.” 

Also,  various  other  FPL  reports  describing 
results  of  exposure  tests  on  different  kinds  of 
glues  in  plywood,  all  showed  a  correlation  be¬ 
tween  wood  failure  and  durability. 

Furthermore,  in  our  studies  of  blood-resin 
exposure-fence  samples,  we  had  found  that  the 
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Fig.  10. — Group  A,  1,064  samples  of  3  phenolic  resins. 
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percentage  of  failures,  for  samples  labeled  with 
wood  failures  under  60  percent,  was  much 
higher  than  for  samples  having  wood  failures 
over  60  percent.  It  seemed  reasonable  to  us 
that  for  the  straight  resins,  there  might  be  a 
fairly  high,  critical  wood  failure  percentage, 
below  which  plywood  would  begin  to  lose  some 
of  its  durability,  but  above  which,  it  would  be 
a  permanent  material.  To  check  this  idea,  sam¬ 
ples  on  the  exposure  fence  were  classified  into 
wood  failure  brackets  of  90  to  100  percent,  80 
to  89,  70  to  79,  and  so  on;  for  each  bracket  we 
plotted  the  percentage  of  pieces  still  intact,  that 
is  without  delamination,  after  various  exposure 
periods.  Delamination  had  to  be  positive,  about 
2  inches  long,  and  ^^j-inch  deep. 

From  the  fence  data  we  obtained  the  curves 
shown  in  Fig.  9.  The  results  were  surprising 
and  revealing.  We  had  thought  that  the  90 
percent  bracket,  and  probably  the  80  percent 
bracket  would  be  essentially  horizontal  lines, 
that  is,  indicating  little  or  no  delamination.  In¬ 
stead,  however,  as  the  chart  shows,  we  found  a 
steady  increase  in  the  rate  of  failure  as  the 
wood  failure  decreased.  The  results  from  this 
study  tended  to  confirm  our  belief  in  a  close 
relationship  between  wood  failure  and  durabil¬ 
ity  of  plywood.  Instead  of  revealing  a  fixed 
wood  failure  percentage  as  a  satisfactory  pro¬ 
duction  standard,  however,  the  data  indicated 
that  the  higher  the  wood  failure,  the  greater 
the  durability.  Our  goal  in  manufacture  then 
had  to  be  set  as  high  as  possible,  without  ex¬ 
ceeding  the  limit  of  diminishing  returns. 

The  data  from  these  and  other  older  sam¬ 
ples  were  plotted  as  shown  in  Fig.  10,  using 
the  "percentage  intact”  as  the  ordinate  and  the 
"percentage  of  wood  failure”  as  the  abscissa. 
These  curves  were  based  on  plywood  made  with 
three  of  the  oldest  straight  phenolic  resins.  The 
upper  one  shows  results  of  a  four-  to  six-year 
exposure,  as  of  1946.  The  superiority  of  the 
high  wood  failure  was  apparent.  The  lower 
curve,  seven  to  nine  year  exposure,  shows  re¬ 
sults  as  of  April,  1949.  It  is  interesting  to  note 
the  progressive  failures  in  the  lower  wood 
failure  brackets,  whereas  in  the  upper  brackets, 
there  is  good  evidence  of  stability. 

In  order  to  get  a  further  check,  we  then 
analyzed  the  performance  of  approximately 
another  thousand  specimens  which  had  been 


exposed  from  three  to  four  years  and  which 
had  been  bonded  with  some  twelve  different 
adhesives  in  common  use.  The  curve  of  those 
results  is  shown  in  Fig.  11.  It  should  be  noted 
especially  that  all  of  these  samples  had  been 
placed  on  our  exposure  fence  prior  to  1945; 
that  the  matching  of  panels  for  the  exposure 
fence  with  pieces  tested  in  the  laboratory  for 
wood  failure  was  not  exact;  and  that  in  some 
cases,  with  5-ply  panels,  failure  had  probably 
occurred  in  a  different  glue  line  from  the  one 
tested  in  the  laboratory.  Perhaps  even  more  sig¬ 
nificant,  nearly  one  half  the  failures  occurred  in 
samples  made  with  one  glue  which  was  aban¬ 
doned  after  being  used  only  for  a  brief  period. 

It  is  our  belief,  therefore,  that  the  curves  show 
a  somewhat  higher  percentage  of  delamination 
than  is  to  be  expected  for  the  corresponding 
wood  failure,  even  with  the  severe  exposure 
conditions  at  our  fence.  The  trend  of  the  curve, 
however,  is  similar  to  that  for  the  older  glues. 

Finally,  another  series  of  453  panels  exposed 
only  one  year  was  examined,  and  these  results 
plotted,  as  shown  in  Fig.  12,  in  the  upper 
curve.  In  this  case,  however,  we  had  improved 
our  technique  and  were  careful  to  select  ex¬ 
posure  samples  from  an  area  within  at  most 
one  foot  of  those  tested  for  wood  failure  in  the 
laboratory.  Furthermore,  we  had  standardized 
on  the  use  of  3-ply  panels  for  the  exposure 
fence.  Out  of  453  pieces,  41  with  100  percent 
wood  failure  rating  showed  no  delamination; 
delamination  on  the  test  fence  was  less  than 
one  percent  for  panels  rated  in  the  90-  to  99- 
percent  wood  failure  bracket.  It  will  be  noted 
that  because  of  the  smaller  number  of  panels 
involved,  larger  wood  failure  brackets  were 
used  in  order  to  smooth  out  the  curve. 

The  lower  curve  in  this  figure  (Fig.  12) 
shows  the  performance  of  these  same  453  ply¬ 
wood  samples  two  years  later.  Again,  those 
with  the  high  wood  failure  (85  percent  and 
more)  appear  to  be  demonstrating  their  dura¬ 
bility,  whereas  those  in  lower  brackets  are 
showing  more  delamination. 

As  a  result  of  these  studies,  a  new  system 
of  industry  control  for  Exterior  plywood  was 
instituted.  The  90  percent  wood  failure  for 
approval  of  new  glues  was  retained.  In  addi¬ 
tion,  each  mill  manufacturing  Exterior  Type 
plywood  was  required  to  attain  each  month  at 


358 


FOREST  PRODUCTS  RESEARCH  SOCIETY 


least  an  85  percent  wood  failure  average  in 
samples  from  not  less  than  25  panels  made 
with  any  one  adhesive. 

The  net  result  was  a  definite  improvement 
in  quality  to  a  level  that  has  never  been  ex¬ 
ceeded  over  any  long  period.  At  the  present 
time  our  entire  industry  has  been  averaging 
well  above  90  percent  wood  failure,  month 
after  month,  for  more  than  two  years. 

Sampling 

A  new  method  of  randomized  sampling  was 
also  instituted  along  with  the  new  quality  con¬ 
trols. 

Samples  are  now  selected  by  chance  in  sets 
of  four  by  means  of  small  discs  numbered  from 
one  to  twenty  to  correspond  with  the  maximum 
number  of  plate  openings  in  any  hot  press.  A 
sample,  1  by  4  feet  is  cut  from  the  end  of  each 
test  panel,  and  sent  to  the  Association  labora¬ 
tory  where  specimens  are  cut  and  subjected  to 
the  standard  laboratory  test  for  Exterior  Ply¬ 
wood.  One  variation  from  the  standard  test  is 
that  specimens  are  dried  for  only  16  hours 
rather  than  20.  We  have  not  been  able  to  de¬ 
tect  any  significant  difference  in  either  shear 
load  or  wood  failure  because  of  this,  but  we 
do  find  that  the  shorter  period  enables  us  to 
operate  on  a  24-hour  cycle,  without  overlapping. 

Estimating  Wood  Failure  in 
Shear  Specimens 

One  important  point  in  the  technique  of 
reading  wood  failure  is  not  mentioned  in  the 
Commercial  Standard.  It  is  permitting  the 
specimens  to  dry  out  overnight  after  they  have 
been  broken  in  the  shear  machine,  before  the 
wood  failure  is  read.  If  specimens  are  estimated 
when  wet,  some  of  the  more  transparent  wood 
fibers  may  be  overlooked  and  values  will  be  too 
low. 

In  order  to  maintain  as  much  uniformity  as 
possible  in  the  technique  of  reading  wood 
failure,  several  steps  have  been  taken.  One  of 
the  most  important  is  the  training  of  our  lab¬ 
oratory  personnel.  A  considerable  help  in  this 
connection  is  our  "library”  of  300  wood  failure 
specimens  ranging  from  0  to  100  per  cent. 
These  have  been  checked  several  times  by  dif¬ 
ferent  technicians  at  the  U.  S.  Forest  Products 
Laboratory,  and  have  been  read  repeatedly  at 


intervals  by  all  of  our  laboratory  staff  who  esti¬ 
mate  wood  failure.  A  careful  correlation  has 
been  established  so  that,  as  far  as  possible,  all 
of  our  technicians  read  wood  failure  alike. 

Attempts  have  been  made  to  set  up  mechan¬ 
ical  devices  for  reading  wood  failure.  Colored 
dyes  and  fluorescent  dyes  have  been  tried  out, 
but  so  far  nothing  has  proved  as  efficient  as 
ordinary  visual  examination. 

Exposure  Tests 

As  noted  previously,  all  of  our  fence  sam¬ 
ples  are  now  taken  adjacent  to  those  broken  in 
the  laboratory,  making  sure  that  the  same  piece 
of  crossband  extends  through  both  types  of 
sample. 

Today,  every  new  approved  glue,  when  used 
in  plywood  production,  is  represented  on  our 
test  fence  by  150  permanent  exposure  samples, 
as  well  as  8  sets  of  24  samples  for  periodic- 
testing.  The  former  are  examined  at  regular 
intervals  for  any  sign  of  delamination.  One  set 
of  the  24  test  samples  is  also  brought  in  at 
inspection  time,  subjected  to  the  boil  test,  and 
then  read  for  wood  failure,  to  ascertain  whether 
there  is  any  progressive  decrease  that  might  in¬ 
dicate  a  weakening  of  the  glue  bond,  from  year 
to  year. 

Fig.  1 3  shows  the  wood  failure-durability  re¬ 
lationship  for  plywood  made  with  eight  cur¬ 
rently  used  straight  phenolic  resin  adhesives. 
Although  exposed  only  one  year,  the  results 
appear  to  confirm  the  advantages  of  well- 
matched  samples.  The  higher  wood  failure 
pieces,  it  will  be  noted,  have  shown  no  signs 
of  distress  to  date. 

A  rather  complete  summary  of  virtually  all 
our  test  records  will  be  seen  in  Fig.  14.  Here 
we  see  the  record  of  nearly  7500  samples,  ex¬ 
posed  from  1  to  8  years.  This  is  most  important 
chart  of  all. 

The  curves  for  the  various  wood  failure 
brackets,  100  percent,  90  to  99,  and  so  on, 
show  the  percentage  of  test  samples  still  intact 
after  the  different  years  of  exposure. 

As  already  pointed  out,  our  present  sam¬ 
pling  methods  and  laboratory  procedures  are 
considerably  better  than  when  we  started  our 
test  fence  some  ten  years  ago. 

The  overall  performance  trend,  however,  ap¬ 
pears  clear.  High  wood  failure  is  a  necessary- 
attribute  for  plywood  durability. 
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Period  of  Exposure,  Years 

Fig.  14. — Performance  of  plywood  on  exposure  fence,  all  approved  glues. 
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Controversial  Items 

Although  wood  failure  is  now  commonly 
accepted  as  the  criterion  of  Exterior  plywood 
quality  in  our  industry,  there  are  some  contro¬ 
versial  points. 

One  that  crops  up  periodically  is  that  high 
load  or  shear  strength  should  be  acceptable,  per 
se,  or  be  at  least  an  important  factor. 

We  can  find  nothing  in  our  experience  to 
justify  that  belief.  The  dot  chart.  Fig.  15, 
shows  a  typical  set  of  tests  with  shear  load  as 
abscissa  and  wood  failure  as  ordinate.  Each  dot 
is  the  average  of  ten  shear  specimens  from  one 
sample  of  Exterior  Type. 

In  general,  high  loads  are  accompanied  by 
high  wood  failures.  Only  in  rare  cases  do  we 
get  wood  failures  under  60  percent  with  shear 
loads  over  250  psi. 

High  wood  failure  often  is  recorded,  how¬ 
ever,  with  low  loads,  but  when  this  occurs 
throughout  a  test  run  for  approval  of  a  new 
glue,  another  test  is  requested.  With  such  low 
loads  the  glue  has  merely  demonstrated  it  is 
strong  enough  to  break  weak  wood.  Since  some 


of  our  specimens  run  over  300  psi.  and  even, 
though  rarely,  above  400  psi.,  after  the  boiling 
cycles,  we  think  the  glue  joints  should  show  at 
least  90  percent  wood  failure. 

It  seems  logical  that  dense,  strong  veneers 
of  Douglas  fir,  or  of  any  species  for  that  mat¬ 
ter,  as  they  expand  and  contract  under  changing 
exposures,  will  exert  greater  internal  stresses 
on  a  glue  line  than  will  softer  and  weaker 
woods.  If  that  is  true,  then  I  believe  it  is  con¬ 
sistent  to  expect  the  glue  bond  between  high 
strength  veneers  to  resist  the  ultimate  shear 
stress  that  may  be  imposed  through  the  wood, 
and  to  require  always  a  high  percentage  of 
wood  failure  in  the  standard  performance  test. 

Another  hypothesis  on  this  matter  of  wood 
failure  is  that  delamination,  if  it  occurs  in  an 
Exterior  Type  panel,  will  always  be  in  an  area 
of  low  wood  failure,  and  that  the  reason  less 
delamination  occurs  in  panels  showing  high 
wood  failure  is  simply  a  matter  of  probability. 
In  other  words,  a  panel  with  90  percent  wood 
failure  average  has  less  chance  of  having  an 
area  testing  only  10  percent,  than  does  a  panel 
with  a  50  percent  average,  for  example. 
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This  is  difficult  to  determine  when  we  are 
limited  to  destructive  testing,  but  it  does  offer 
a  possible  explanation  of  why  plywood  with 
high  wood  failure  tests  stands  up  under  expo¬ 
sure  better  than  that  with  low  tests. 

Unexplained 

One  apparent  discrepancy  in  our  wood- 
failure-durability  relationship  has  not  been  ex¬ 
plained.  Some  of  the  early  blood-extended 
phenolic  resins  showed  high  wood  failure — 90 
to  even  100  percent — and  yet  quite  a  high  per¬ 
centage  of  failures  developed  in  companion 
pieces  on  our  exposure  fence.  These  results 
may  have  been  due  to  inadequate  matching  of 
samples  (as  already  discussed)  and  to  non¬ 
uniformity  of  glue  ^nd  in  the  samples. 

Finally,  it  is  possible  that  bacteriological 
action  on  blood  or  other  proteins  constitutes  a 
potential  glue-line  weakness  that  our  present 
tests  fail  to  reveal.  That  is  one  reason  we  con¬ 
tinue  to  prohibit  any  protein  in  our  Exterior 
glue  lines. 

Conclusion 

We  have  tried  to  show  how  our  perform¬ 
ance  standards  were  established,  were  used  for 
several  years,  and  then  found  inadequate;  why 
they  were  increased  in  severity  and  why  we 
arbitrarily  ruled  out  proteins  or  amylaceous  ma¬ 
terial  from  any  Exterior  adhesive.  Then  we 
traced  the  improvement  in  quality  and  our 
efforts  to  ascertain  from  the  exposure  fences  a 
safe  minimum  percentage  value  for  wood  fail¬ 


ure  and  how  we  discovered  what  appeared  to 
be  a  correlation  between  field  performance  and 
laboratory  tests. 

Then  came  the  more  complete  study  of  our 
test  results,  and  final  acceptance  by  our  indus¬ 
try  of  wood  failure  as  a  criterion  of  plywood 
durability. 

Certainly  the  last  word  on  this  subject  is  far 
from  being  expressed. 

Our  technique  can  be  improved;  our  tests 
probably  can  be  simplified.  Certain  questions 
still  remain  which  require  continuing  studies. 

One  simple  fact  emerges.  The  field  perform¬ 
ance  of  Exterior  Type  Douglas  fir  plywood  has 
been  virtually  free  from  glue  line  complaint 
for  several  years.  In  other  words,  the  standard 
of  wood  failure  now  in  use  in  our  industry  has 
proved  effective  in  raising  and  maintaining 
quality. 
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Discussion 

Mr.  C.  Latimer  (Nickey  Brothers,  Inc.) :  I 
notice  that  your  investigation  was  concerned 
with  wood  failure  rather  than  a  combination  of 
wood  failure  and  shear  strength.  What  are  your 
comments  on  the  idea  that  a  panel  with  rela¬ 
tively  low  wood  failure  is  equivalent  to  one  of 
high  wood  failure  provided  that  the  shear 
strength  is  sufficiently  high?  Could  low  wood 
failure  on  a  strong  wood  still  yield  good 
exterior  panels? 

Mr.  Perkins:  Our  results  indicate  that  for 
durability  you  need  high  wood-failure  regard¬ 
less  of  load.  A  low  percentage  wood-failure 
really  means  a  high  percentage  of  glue  failure. 


However,  as  brought  out  in  the  paper,  a  glue 
that  develops  high  wood-failure  with  low  loads 
hasn’t  necessarily  demonstrated  durability.  The 
glue  has  merely  shown  it  can  break  weak  wood 
and  might  conceivably  fail  with  dense  strong 
woods  that  presumably  develop  higher  internal 
stresses  as  they  expand,  and  contract  than  do 
weak  non-dense  woods. 

Mr.  E.  G.  Stern  (Virginia  Polytechnic  Insti¬ 
tute)  :  Are  the  observations  made  on  delamina¬ 
tion  of  fence  specimens  representative  for  the 
service  behavior  of  the  larger-size  panels  in 
consideration  of  possible  occurrence  of  greater 
internal  stresses  in  larger-size  standard  panels 
than  in  small-size  fence  specimens? 
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Mr.  Perkins:  We  have  no  data  on  full  size 
panels. 

Mr.  A.  H.  Rauch  (Plywood  Research  Foun¬ 
dation)  :  Size  of  panel  should  have  little  if  any 
effect  due  to  the  fact  that  veneers  are  at  right 
angles  and  stresses  should  be  of  the  same  in¬ 
tensity  per  unit  area  of  glue  line  regardless  of 
the  size  of  the  exposure  test  specimen. 

Mr.  Perkins:  I  believe  that  is  true. 

Air.  £.  Ellis  (University  of  Idaho) ;  What 
comparison  can  be  made  with  current  commer¬ 
cial  standard  exterior  tests  for  Douglas  fir  and 
similar  requirements  for  hardw'ood  plywood  of 
various  "waterproof”  grades  and  composites  of 
Douglas  fir  cores  and  hardwood  faces?  That  is, 


does  high  wood  failure  indicate  superior  qual¬ 
ities  in  these  products  as  well  as  in  Douglas  fir  ? 

Mr.  Perkins:  We  are  seeking  data  on  other 
species  but  in  general  I  believe  the  theory  of 
high  wood  failure  holds  in  any  combination  of 
woods. 

Air.  A.  Ehnendorf  (Elmendorf  Research, 
Inc.):  When  exterior  plywood  was  first  brought 
out,  some  said  that  the  wood  fails  even  when 
the  glue  holds.  What  does  the  Douglas  Fir 
Plywood  Association  test  fence  show  on  this? 

Air.  Perkins:  We  find  some  splitting  of  wood 
but  do  not  have  any  statistics  as  to  extent.  It  is 
quite  rare,  apparently  more  of  a  shake  or  sepa¬ 
ration  of  annular  rings. 
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The  Softwood  Plywood  Market— Present  and  Future 

C.  E.  Devlin 

(  General  Sales  Manager,  Simpson  Logging  Company,  Seattle,  Wash. 

An  attempt  to  analyze  the  principal  markets  for  softwood  plywood,  those  which  may  be  expeaed  to 
increase  in  the  near-term  future,  those  which  may  be  expected  to  de  line,  and  those  which  may  be  exMcted 
to  maintain  the  status  quo.  Also  some  discussion  of  the  markets  which  may  be  expeaed  to  increase  substan¬ 
tially  over  the  long  term.  A  statement  as  to  present  produaion  and  projeaed  increases  for  1950.  An  analysis 
of  the  overall  demand  potential  for  softwood  plywood  based  on  market  considerations,  and  certain  business 
indices. 


PINNING  down  the  markets  for  softwood 
plywood  precisely  continues  to  be  an  elu¬ 
sive  exercise.  This  is  so  because  the  prod¬ 
uct  has  such  a  multiplicity  of  uses  in  so  many 
markets.  It  is  truly  the  wood  of  a  thousand 
uses,  and  as  the  Douglas  Fir  Plywood  Associa¬ 
tion  has  demonstrated  on  numerous  occasions, 
these  1,000  uses  can  be  cited  in  detail. 

Fortunes  of  the  softwood  plywood  industry 
are,  obviously,  tied  closely  to  the  fortunes  of 
the  building  industry.  But  the  building  indus¬ 
try  itself  has  many  facets,  and  many  forces 
working  within  it  which  are  not  always  work¬ 
ing  in  the  same  direction. 

For  instance,  new  house  construction  may 
(very  often  does)  trend  downward  at  a  time 
when  commercial  and  industrial  building  is 
rising.  Thus,  even  within  the  category  of  build¬ 
ing  itself,  it  is  hard  to  gauge  demand  as  it 
may  affect  a  particular  industry,  such  as  the 
softwood  ply^'ood  industry.  And  building  is 
only  one  component  in  the  makeup  of  plywood 
demand,  as  will  be  demonstrated. 

As  a  contrast,  the  market  for  stock  doors 
can  be  accurately  measured  and  even  forecast. 
The  number  of  doors  per  house,  for  instance, 
can  be  predicted;  the  size  of  the  replacement 
demand  is  fairly  well  known;  the  demand  for 
doors  in  the  farm  market  can  be  estimated;  the 
demand  in  industrial  and  commercial  building 
is  also  rather  easily  pinned  down;  and,  inven¬ 
tory  demand  can  be  determined  by  periodic  sam¬ 
pling.  Therefore,  it  is  possible  to  know  within 
narrow  limits  how  many  doors  are  being  con¬ 
sumed  at  any  time,  and  what  the  prospects  are 
for  the  immediate  future.  There  are  simply  no 
other  markets  for  stock  doors,  and  fluctuating 
prices  will  have  little  affect  on  basic  demand. 


But,  in  the  case  of  softwood  plywood,  de¬ 
lineating  markets  and  measuring  demand  is  no 
such  easy  matter.  One  of  the  large  markets  for 
the  product  falls  outside  the  building  industry, 
and  is  that  segment  known  broadly  and  loosely 
as  the  "industrial”  market.  Industrial  uses  are 
typically  "cut-up”  uses  where  the  plywood  be¬ 
comes  a  part  of  another  item  of  merchandise. 
Furniture  is  a  typical  example  of  an  industrial 
use  of  softwood  plywood,  and  millions  of  feet 
have  gone  into  such  items  as  radio  cabinets  and 
now  television  cabinets. 

As  a  matter  of  fact,  the  industrial  market 
at  one  time  undoubtedly  was  the  largest  market 
for  softwood  plywood.  In  the  20’s  panels  were 
used  widely  in  the  automotive  industry  for  floor 
boards,  door  panels,  instrument  panels,  trunk 
bottoms,  running  boards,  and  similar  uses.  To¬ 
day  for  many  reasons  the  automotive  demand 
is  a  relatively  small  part  of  the  overall  indus¬ 
trial  demand  for  softwood  plywood. 

A  Breakdown  of  the  Markets 

A  study  of  softwood  plywood  markets  made 
by  the  staff  of  the  Association  and  following 
accepted  statistical  methods  indicated  that 
roughly  45  percent  of  the  production  of  soft¬ 
wood  plywood  went  into  industrial  uses,  and 
55  percent  into  construction  uses,  of  which  40 
percent  was  housing,  and  15  percent  heavy  con¬ 
struction.  These  studies  were  made  at  the  time 
plywood  was  being  produced  at  a  rate  slightly 
less  than  2  billion  sq.  ft.  per  annum.  That  this 
percentage  still  holds  now  that  the  industry  is 
running  at  an  annual  rate  of  about  2^  billion 
sq.  ft.  is  extremely  doubtful.  There  is  evidence 
that  the  balance  has  swung  more  heavily  toward 
construction  uses  because  of  the  continuing 
high  level  of  building. 
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This  may  be  the  place  to  insert  a  list  of  the 
major  markets  for  softwood  plywood. 

I.  Industrial  markets 

Railroad 

Automotive  and  other  transportation 

Furniture  and  luggage 

Displays  and  signs 

Store  fixtures 

Packaging  and  crating 

Millwork  and  doors 

Templates 

Toys  and  games 

Pallets 

II.  Construction  markets 

A.  Housing 

Subflooring 
Wall  sheathing 
Roof  decking 
Exterior  siding 
Soffits 
Gable  ends 

Interior  walls  and  ceilings 
Built-in  cabinets  and  millwork 
Base  for  resilient  floor  coverings 

B.  Heavy  construction 

Concrete  forms 
Protective  fencing 
Gussets 

Trench  sheeting 
Beams 

C.  Farm  construction 

Grain  bins 
Silos 

Hog  houses  and  feeders 
Chicken  houses 
Barns 

Dehydrators 

D.  Marine  construction 

Planking 

Decking 

Bulkheads 

Cabins 

Thwarts 

Knees 

Tanks,  bait  and  fish 
Hatch  covers 

No  brief  is  held  for  the  completeness  of  this 
list.  However,  these  are  the  major  markets,  if 
awkwardly  classified.  In  general,  it  is  impos¬ 


sible  to  state  the  exact  footage  that  is  going 
into  any  of  these  markets  and  in  many  cases 
even  the  trend  is  difficult  to  perceive  because 
of  the  lack  of  accurate  data. 

Where  the  Trend  is  Upward 

For  the  near-term  future,  however,  it  can  be 
predicted  safely  that  the  following  markets  will 
be  growing  in  importance  for  plywood,  both 
in  footage  required,  and  as  a  percentage  of 
total  plywood  produced: 

Furniture 

Displays  and  signs 
Store  ^tures 
Pallets 

Concrete  forms 
Protective  fencing 
Exterior  siding 
Subflooring 

Railroad  car  construction 

Reasons  for  the  above  predictions  are  not 
academic,  but  are  based  largely  on  present  and 
predicted  activity  in  the  above  markets  and  the 
state  of  competition  within  those  markets.  For 
instance,  a  continued  high  level  of  heavy  con¬ 
struction,  particularly  public  construction,  and 
the  amount  of  concrete  work  that  will  be 
needed,  is  the  basis  for  the  prediction  that  the 
demand  for  plywood  for  concrete  forms  will 
increase.  In  this  field  softwood  plywood  has 
virtually  no  competition. 

Demand  for  plywood  as  exterior  siding,  as 
another  example,  is  sure  to  increase  because  of 
the  continued  decline  in  availability  of  wide 
boards.  Plywood  will  serve  as  a  substitute  for 
wide  boards  in  both  residential  and  commercial 
construction. 

Where  Declines  May  Come 

Near-term  declines  in  demand  for  softwood 
plywood  can  be  expected  in  the  following 
markets: 

Farm  construction 
Interior  walls  and  ceilings 
Marine  construction 
Packaging  and  crating 

A  decline  in  use  of  softwood  plywood  in 
farm  construction  is  predicted  largely  because 
farm  income  is  sure  to  decline  and  competition 
will  be  keen,  with  plywood  at  some  price 
disadvantage. 
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Price  levels  also  are  basic  to  the  prediction 
that  interior  walls  and  ceilings  will  be  of  rela¬ 
tively  less  importance  to  plywood  in  the  months 
immediately  ahead.  The  same  applies  to  pack¬ 
aging  and  crating. 

Other  markets  can  be  expected  to  maintain 
present  importance  for  the  near-term  future. 

In  looking  ahead  to  the  long-term  future  the 
only  safe  prediction  is  that  some  markets  will 
become  tremendously  more  important  than  they 
are  now.  These  are  the  markets  in  which  ply¬ 
wood’s  peculiarly  advantageous  physical  prop¬ 
erties  (i.e.  strength  with  light  weight,  large 
sizes,  durability  and  workability)  combine  to 
produce  attractive  cost  savings,  particularly 
labor  savings,  or  important  design  and  aesthetic 
results.  Use  of  plywood  for  subflooring  is  an 
illustration  of  a  use  important  because  of  in¬ 
herent  labor  savings.  Use  of  plywood  for  ex¬ 
terior  siding  is  an  illustration  of  a  use  which 
will  become  more  important  largely  because  of 
design  considerations. 

Some  Markets  Easily  Forecast 

The  size  of  certain  markets  for  softwood  ply¬ 
wood  can  be  measured  rather  precisely  and 
forecasts  for  the  future  made.  One  of  these  is 
the  tobacco  hogshead  market,  which,  because  of 
the  limited  number  of  users  and  the  precise 
planning  that  goes  into  this  use,  can  be  figured 
accurately.  It  will  account  for  about  30  million 
sq.  ft.  annually  for  the  next  few  years. 

Another  market  that  lends  itself  to  an  accu¬ 
rate  analysis  -is  the  use  of  softwood  plywood 
for  railroad  car  construction,  particularly  freight 
cars  and  refrigerator  cars.  The  total  demand  for 
plywood  -  in  the  railroad  market  is,  however, 
pretty  much  of  a  conundrum  since  there  are 
dozens  of  items  such  as  track  shims,  journal 
dust  guards,  portable  buildings,  and  many  other 
miscellaneous  uses  that  add  up  to  considerable 
footage,  but  are  hard  to  pin  down. 

Still  a  third  market  that  can  be  estimated 
accurately  is  the  use  of  softwood  plywood  in 
stock  door  manufacture.  It  is  knowri  that  the 
average  panel  door  requires  about  ten  sq.  ft.  of 
V^-inch  plywood,  and  the  average  flush  door 
requires  30  to  35  sq.  ft.  Since  the  production 
of  panel  doors  and  flush  doors  is  easy  to  obtain, 
this  market  can  be  gauged  accurately.  In  1949 
the  demand  for  door  panels  represented  a  mar¬ 


ket  for  about  125  million  sq.  ft.  of  softwood 
plywood,  on  a  %-inch  three-ply  basis. 

More  Variable  and  Unpredictable  Markets 

At  the  other  extreme,  i.e.‘,  markets  for  soft¬ 
wood  plywood  that  are  almost  impossible  to 
measure,  are  most  of  the  uses  for  plywood  in 
house  construction.  As  yet  no  particular  pattern 
has  formed,  and  an  average  figure  representing 
the  plywood  consumed  per  sq.  ft.  of  floor  area 
would  be  meaningless.  Consumption  of  ply¬ 
wood  would  vary  with  the  design  of  the  house, 
the  type  of  construction,  the  climatic  conditions, 
and  so  many  other  variables  that  averages  ex¬ 
cept  over  long  periods  of  time  would  be  of 
little  value  to  the  market  statistician. 

For  instance,  a  builder  in  one  area  might  use 
softwood  plywood  for  subfloors  and  nothing 
else.  Another  builder  producing  almost  the 
identical  house  might  use  panels  for  outside 
siding,  for  soffits,  and  for  gable  ends,  but  not 
for  the  subflooring. 

Still  other  builders  will  use  plywood  only  for 
the  millwork  in  a  house,  and  not  for  any  of  the 
structural  elements. 

It  is  likely  that  over  a  period  of  years  these 
housing  uses  will  settle  into  a  pattern,  particu¬ 
larly  when  price  levels  become  more  stabilized 
and  design  trends  are  more  evident.  When  this 
occurs,  building  products  will  seek  their  normal 
and  natural  markets,  and  the  distortions  that 
have  been  inherent  in  the  years  of  shortages 
will  disappear. 

For  instance,  it  is  now  becoming  clear  that  in 
many  areas  of  the  United  States  yg-inch  or 
%-inch  plywood  is  becoming  the  standard  sub¬ 
flooring  material.  The  labor  savings  inherent  in 
the  use  of  large  sheets  of  plywood,  as  compared 
with  competitive  items,  are  so  great  that  rela¬ 
tively  wide  fluctuations  in  the  price  of  plywood, 
or  the  price  of  the  competitive  materials,  seems 
to  have  little  effect  on  the  demand  for  plywood 
in  this  market. 

Another  demand  that  seems  to  be  conform¬ 
ing  to  a  pattern  has  been  influenced  by  design. 
Use  of  a  wide  overhang  in  house  construction 
in  many  areas  has  led  to  an  increased  use  of 
plywood  for  the  soffits,  and  this  is  apparently  a 
market  also  that  plywood  can  serve  because  it 
has  almost  no  competition. 

Demand  factors  have  not  crystallized,  how¬ 
ever,  in  the  use  of  plywood  for  wall  and  roof 
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sheathing,  outside  paneling,  or  inside  walls  and 
ceilings.  In  these  markets  competitive  factors 
are  still  very  active,  and  softwood  plywood  de¬ 
mand  is  sensitive  to  price  changes,  to  changes 
in  design  preferences,  and  to  such  artificial 
blcxks  as  building  codes,  local  labor  require¬ 
ments,  and  other  sectional  prejudices. 

As  an  illustration  of  this,  ^-inch  plywood 
can  serve  adequately  as  wall  sheathing,  but  the 
price  factors  are  normally  in  delicate  balance. 
If  the  plywood  price  goes  up  rather  substan¬ 
tially,  and  the  competition,  which  is  usually 
boards,  remains  stationary,  the  cost-conscious 
builders  will  switch  from  plywood  to  boards. 
In  some  areas  also  building  codes  have  ruled 
out  the  use  of  A  -inch  pl)rwood,  although  pro¬ 
tests  have  been  registered  and  it  is  likely  that 
this  situation  will  be  changed. 

Another  illustration  is  the  matter  of  design 
preference.  In  the  so-called  modern  or  contem¬ 
porary  design,  there  is  little  prejudice  against 
large  panels  for  exterior  siding;  and,  in  fact, 
for  many  architectural  effects,  wide  panels  have 
an  aesthetic  advantage.  Furthermore,  there  is  a 
long-range  trend  in  favor  of  plywood  for  sid¬ 
ing  material  because  of  the  growing  scarcity  of 
wide  boards.  Ultimately,  it  may  be  that  ply¬ 
wood  will  have  to  fill  this  demand,  and  if  the 
design  preference  is  for  16-,  18-,  or  24-inch 
boards,  the  standard  4  by  8  panels  will  be  cut 
to  those  dimensions.  Even  now  this  is  being 
done  regularly. 

The  Need  for  Reliable  Market  Figures 

Summing  up,  it  can  be  said  that  the  market 
statistician  finds  it  very  difficult  at  this  stage  to 
reduce  plywood  demand  and  plywood  markets 
to  reliable  square  footage  figures.  For  almost  12 
years,  from  1938  to  1950,  the  need  of  such 
figures  was  largely  academic.  For  a  period  from 
January  to  August,  1949,  when  effective  de¬ 
mand  appeared  to  be  lower  than  available  sup¬ 
ply,  the  desirability  of  such  market  information 
was  spotlighted. 

Parenthetically,  even  during  that  period  in 
1949  end-use  consumption  of  plywood  was 
proceeding  with  only  a  slight  drop  off  in  inten¬ 
sity.  Certainly  the  decline  in  demand  at  the  con¬ 
sumer  level  was  nowhere  near  the  decline  reg¬ 
istered  at  the  wholesale  or  manufacturing  level. 
This  was  evidenced  by  the  fact  that  during 
those  Kionths  stocks  in  the  hands  of  distributors 


and  dealers  were  reduced  virtually  to  zero.  Fur¬ 
thermore,  when  the  turn-around  came  in 
August  and  confidence  had  returned  in  distri¬ 
bution  channels  orders  flooded  back  to  the 
mills  in  a  volume  that  sent  order  files  to  all- 
time  peaks.  This  condition  still  applied 
throughout  the  first  quarter  of  1950,  despite 
the  fact  that  production  had  increased  substan¬ 
tially  and  is  currently  running  at  a  level  higher 
than  50  million  sq.  ft.  per  week.  This  is  by  all 
odds  th^  all-time  peak  of  production.  If  main¬ 
tained  for  the  balance  of  the  year,  1950  pro¬ 
duction  will  show  a  25  percent  increase  over 
1948  and  1949,  which  in  themselves  were 
boom  production  years. 


Current  Production 

This  may  be  the  point  at  which  production 
figures  should  be  introduced,  since  it  is  the  con¬ 
tention  that  the  demand  for  Douglas  fir  ply¬ 
wood,  at  existing  price  levels,  is  sufficient  to 
take  care  of  the  entire  present  and  projected 
capacity  of  the  industry. 

Following  is  the  production  of  Douglas  fir 
plywood  for  the  weeks  of  1950  reported  by  the 
Douglas  Fir  Plywood  Association: 


Week  of 
January  7 
January  14  . 
January  21  . 
January  28  . 
February  4  . 
February  11 
February  18 
February  25 

March  4 _ 

March  11  _ 
March  18  _ 
March  25  _ 

April  2 _ 

April  8 _ 


Square  Feet 
%-Inch  3-Ply 
Rough  Basis 
M  Sq.  Ft. 

—  34,237 

—  42,108 

—  35,958 
__  42,894 

—  34,317 

—  39,538 

—  44,755 

—  47,887 

—  46,770 

—  47,837 
__  48,464 

—  50,155 

—  50,400 
__  48,647 


Four  additional  Douglas  fir  plywood  plants 
will  soon  be  adding  to  the  figures  above;  and, 
when  they  are  rolling  smoothly,  new  plants 
should  add  another  2,500,000  sq.  ft.  to  the 
weekly  totals.  Thus,  by  July  1,  Douglas  fir  ply¬ 
wood  production  may  be  running  at  the  rate  of 
at  least  53,000,000  sq.  ft.  a  week. 

In  addition  to  Douglas  fir  plywood,  soft¬ 
wood  plywood  volume  is  increased  by  a  consid¬ 
erable  production  of  pine  plywood,  and  by 
some  production  of  minor  species.  Pine  ply- 
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wood  is,  of  course,  the  predominant  other  soft¬ 
wood  plywood  produced.  Although  figures  by 
weeks  are  not  readily  available,  it  is  estimated 
that  production  is  about  21/^  million  sq.  ft.  per 
week  based  on  an  estimated  annual  production 
of  115  million  sq.  ft.  on  a  %-inch  basis. 

These  figures  added  to  the  Douglas  fir  ply¬ 
wood  figures  would  give  a  total  softwood  ply¬ 
wood  weekly  production  by  July  1  (assuming 
a  continuing  demand  of  55  to  56  million  sq.  ft. 
per  week),  of  230  million  sq.  ft.  per  month, 
or  a  early  rate  of  2,700,000,000  sq.  ft. 

Market  vs.  Production 

The  question  now  is,  "Are  there  markets 
sufficient  to  absorb  this  volume  of  production 
in  normal  times?” 

It  is  obvious  that  no  one  knows  the  answer 
to  this,  for  no  one  yet  knows  the  answer  to  the 
question:  "What  is  normal  post-World-War-II 
business?” 

But  there  are  means  of  calculating  whether 
or  not  there  is  sufficient  demand  from  the  ply¬ 
wood-markets  to  absorb  increased  production. 

Studies  relating  plywood  demand  in  a  nor¬ 
mal  pre-war  year,  1940,  to  certain  indices  such 
as  Sales  Management’s  measure  of  general  busi¬ 
ness  activity,  new  house  construction,  and  total 
construction  have  been  carried  on  for  a  number 
of  years. 

If  the  demand  for  plywood  in  1940  resulted 
from  a  combination  of  certain  factors  in  con¬ 
sumer  buying  income,  general  business  activity, 
new  house  construction,  and  total  construction, 
those  same  relationships  should  exist  today, 
assuming  that  competitive  conditions  remain 
the  same,  that  price  levels  are  consistent  (that 
is,  they  would  be  higher,  but  in  the  same  gen¬ 
eral  relationship)  and  assuming  that  there  have 
been  no  great  basic  technological  changes  in 
construction,  in  labor  usage,  and  in  the  quality 
of  the  product  itself. 

That  assumption,  of  course,  is  a  very  wide 
one,  and  probably  could  not  be  defended  suc¬ 
cessfully  for  lack  of  factual  evidence. 

However,  these  studies,  though  crude,  do 
give  every  indication  that  a  relationship  exists 
between  plywood  demand,  and  the  level  of 
general  business  activity  and  construction. 

Furthermore,  there  are  ways  of  correcting 
the  relationships  to  eliminate  the  errors  in  the 
basic  assumptions,  particularly  in  the  matter  of 


changing  price  levels.  It  is  possible  to  deter¬ 
mine  accurately  the  changes  that  have  taken 
place  in  the  price  level  for  plywood,  as  com¬ 
pared  with  competing  materials  and  as  com¬ 
pared  with  the  general  wholesale  price  levels. 

Annual  plywood  demand  as  derived  from 
these  calculations  exceeds  2  billion  800  million 
sq.  ft.,  based  on  the  maximum  adverse  effect  of 
price  increases,  and  minimizing  the  expansion 
of  plywood  markets  that  has  taken  place  during 
the  war  and  postwar  periods. 

Recognizing  that  these  are  rather  crude 
studies,  the  industry  in  the  fall  of  1949  re¬ 
tained  Dr.  Charles  F.  Roos  of  the  Econometric 
Institute  of  New  York  City  to  refine  and 
revalue  the  demand  factors. 

It  was  interesting  to  note  that  Dr.  Roos’s 
preliminary  figures,  as  released  in  November 
1949,  showed  a  conservative  demand  figure  for 
1950  of  1  billion  800  million  sq.  ft.  In  his 
analysis  in  February,  1950,  Dr.  Roos  warned 
that  the  studies  were  still  preliminary,  but  that 
it  was  becoming  increasingly  evident  that  ply¬ 
wood  was  indeed  a  growing  industry  and  that 
the  rate  of  growth  was  again  accelerating  fol¬ 
lowing  the  lull  during  the  war  and  postwar. 

It  is  believed,  therefore,  that  the  use  of  re¬ 
fined  statistical  methods  by  Dr.  Roos  ultimately 
will  provide  the  industry  with  a  dependable 
series  of  demand  statistics,  based  on  the  ex¬ 
panded  postwar  markets  for  softwood  plywood. 

Some  Predictions 

It  is  safe  to  predict  now,  that  barring  a  major 
depression,  which  would  affect  plywood  and 
virtually  every  other  industry,  the  plywood  in¬ 
dustry  can  look  forward  safely  to  selling  its 
production,  based  on  the  optimum  capacity 
figures  mentioned  above.  The  only  other  quali¬ 
fication  is  one  of  price  levels. 

Softwood  plywood  cannot  expect  demand  to 
continue  without  regard  to  price  levels.  The  in¬ 
dustry  discovered  that  very  dramatically  in  late 
1948  and  1949,  when  demand  pushed  prices 
far  out  of  line  with  the  general  level  of  prices 
for  building  commodities,  and  particularly  far 
out  of  line  in  relation  to  the  competitors  of 
softwood  plywood,  excepting  lumber. 

Lumber  is,  of  course,  the  major  competitor 
of  softwood  plywood  in  most  markets,  and  the 
price  levels  in  lumber  went  as  high  proportion¬ 
ately  as  did  price  levels  of  softwood  plywood. 
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Softwood  plywood  prices  had  increased 
almost  200  percent  by  1948,  as  compared  with 
1939.  In  1949  the  prices  declined  abruptly 
about  35  percent  from  the  high  to  a  point  not 
much  more  than  100  percent  over  the  1939 
figures. 

Parenthetically,  it  must  be  pointed  out  that 
in  most  of  this  discussion  the  figures  are  those 
of  Douglas  fir  plywood  because  it  is  the  volume 
item,  and  also  because  statistics  are  more  readily 
available  for  this  species.  It  should  be  pointed 
out  that  this  discussion  of  prices  is  not  neces¬ 
sarily  typical  of  ponderosa  pine  plywood,  since 
the  price  levels  of  the  latter  did  not  decline  as 
drastically  as  did  those  for  fir  plywood  in  early 
1949. 

From  the  low  point  in  price  levels  reached 
during  August  of  1949  prices  of  fir  plywood 
have  increased  about  25  percent,  or  to  a  point 
about  140  percent  above  the  1939  price  levels. 

At  present  price  levels  it  is  obvious  that  ply¬ 
wood  is  not  out  of  line  with  its  principal  com¬ 
petitor,  lumber,  nor  with  the  general  price 
level.  If  the  prices  remain  at  this  level,  the  de¬ 
mand  figures  should  be  accurate. 

Price  and  Competition 

Plywood  prices,  compared  with  certain  im¬ 
portant  competitors  such  as  hardboard,  gypsum 
wallboard,  or  even  insulating  board,  are  not 
favorable.  Only  the  overwhelming  advantages 
of  the  material  in  its  adaptability  to  so  many 
different  uses  makes  it  a  preferred  item  for  the 
building  material  dealer.  The  versatility  of  ply¬ 
wood  panels  is,  in  fact,  the  key  to  the  problem 
of  demand. 

Plywood  competes  with  lumber  in  the  sub¬ 
floor  of  a  house;  it  competes  with  hardboard  in 
furniture  and  many  other  industrial  uses;  it 
competes  with  plaster,  with  gypsum  wallboard, 
with  insulating  board,  and  with  hardwood  ply¬ 
wood  for  interior  walls  and  ceilings;  it  com¬ 
petes  with  the  highest  grades  of  lumber  in 
marine  construction;  it  competes  with  steel  and 
aluminum  in  many  farm  uses,  particularly  grain 
bins;  it  competes  with  metal  in  railroad  car 
construction;  it  competes  with  oak  staves  in 
tobacco  hogsheads;  it  competes  with  metal  and 
with  lumber  in  cabinets  and  mill  work.  This 
list  could  go  on  and  on. 

But,  the  product  has  no  single  competitor 
for  all  its  uses  and  no  one  product  on  the 


horizon  can  challenge  its  versatility  as  yet.  As 
Fortune  magazine  has  said,  plywood  is  the  na¬ 
tion’s  most  versatile  building  material;  the  one 
that  can  do  more  building  jobs  than  any  other. 

It  is  the  sincere  belief  of  many  men  in  the 
industry  that  the  markets  for  softwood  plywood 
will  be  limited  largely  by  available  raw  mate¬ 
rials. 

Service  That  Sustain  Markets 

Finally,  in  any  discussion  of  markets  it  is 
important  to  point  out  that  the  softwood  ply¬ 
wood  industry  has  been  fortunate  in  having  in¬ 
vested  substantial  sums  of  money  in  quality 
control,  advertising,  promotion,  field  service, 
and  research.  Without  this  intelligent,  sus¬ 
tained  effort  devoted  to  the  cultivation  of  exist¬ 
ing  markets  and  the  development  of  new  mar¬ 
kets,  the  growth  of  the  markets  for  softwood 
plywood  would  not  have  been  as  rapid,  nor  as 
solid.  The  Douglas  fir  plywood  industry, 
through  its  association  is  now  spending  up¬ 
wards  of  $1,000,000  a  year  on  these  various 
activities. 

In  addition,  individual  companies  within  the 
industry  are  spending  additional  sums  on  adver¬ 
tising,  promotion,  research,  and  general  sales 
effort,  with  the  result  that  the  industry  overall 
is  doing  a  fine  job  in  the  development  of  its 
markets. 

Summary 

1.  The  analysis  of  the  plywood  markets  in 
1948  indicated  that  the  markets  were  40  per¬ 
cent  house  construction,  15  percent  heavy  con¬ 
struction,  and  45  percent  industrial  uses.  These 
percentages  are  changing  materially  as  produc¬ 
tion  increases.  More  plywood  percentagewise 
undoubtedly  will  go  into  housing.  A  survey  of 
1,000  builders  showed  that  during  1948  the 
average  builder  used  less  than  400  sq.  ft.  of 
softwood  plywood  per  house.  Undoubtedly  this 
low  footage  was  due  to  unavailability  of  the 
material.  As  the  material  became  more  readily 
available  in  1949  and  early  1950,  through  in¬ 
creased  production,  a  great  expansion  in  the 
consumption  of  plywood  in  housing  occurred, 
for  a  large  latent  demand  existed.  Last  year 
probably  100  million  sq.  ft.  went  into  pre¬ 
fabricated  housing,  and  this  percentage,  too, 
will  increase  as  the  material  becomes  more  avail¬ 
able.  The  volume  going  into  prefabricated 
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housing  in  1950  could  well  approach  200  mil¬ 
lion  sq.  ft. 

2.  There  are  certain  markets  that  can  be 
accurately  measured,  and  others  that  can  not. 
For  example,  in  prewar  years  the  volume  of 
plywood  used  for  concrete  forms  could  be 
rather  accurately  determined  because  the  indus¬ 
try  produced  a  specific  grade  for  that  use.  To¬ 
day,  while  there  is  still  a  concrete  form  grade 
of  plywood  produced,  it  cannot  be  taken  as  an 
accurate  gauge  of  the  amount  of  plywood  used 
in  concrete  form  construction  because  many 
other  grades,  particularly  exterior  types  of  ply¬ 
wood,  are  also  used  in  form  construction. 

3.  There  are  methods  of  measuring  the  size 
of  markets  and  overall  demand  for  softwood 
plywood,  by  relating  them  to  certain  indices, 
particularly  new  housing  starts,  total  construc¬ 


tion,  and  general  business  activity.  These  sta¬ 
tistics  are  particularly  important  in  determining 
market  potentials  in  any  particular  state,  or  in 
the  63  major  trading  areas  in  the  United  States. 

4.  As  a  means  of  refining  these  measures  of 
demand.  Dr.  Charles  F.  Roos  of  the  Economet¬ 
ric  Institute  is  making  additional  statistical 
studies  for  the  industry,  but  the  results  so  far 
are  preliminary. 

5.  Production  of  all  softwood  plywood  is 
currently  running  in  excess  of  521/^  million  feet 
per  week,  and  by  summer  will  be  at  least  at 
the  55^  million  foot  per  week  level. 

6.  It  can  be  predicted  that  the  markets  for 
plywood  will  absorb  this  production  if  (a)  gen¬ 
eral  business  conditions  remain  on  a  fairly  even 
plateau,  and  (b)  there  are  no  substantial  ply¬ 
wood  price  increases  in  the  near  future. 


Discussion 

Mr.  R.  C.  Fraunberger  (Philco  Corporation): 
You  stated  that  the  Douglas  fir  plywood  in¬ 
dustry  spends  one  million  dollars  per  year  in 
promotion.  The  wood  industries  are  rather 
backward  in  this  matter — when  compared  with 
other  industries  that  glamorize  their  produc¬ 
tion.  Shouldn’t  more  time,  effort,  and  money  be 
spent  in  merchandising  wood-plywood  and 
lumber.  We  have  lost  many  markets.  Let’s  try 
to  recapture  some  of  them. 

Mr.  E.  W.  Wellwood  (Canadian  Forest 
Products,  Ltd.) :  What  is  your  opinion  of  the 
future  market  of  decorative  softwood  plywood 
panels  as  compared  to  hardwood-faced  plywood 
panels.  Do  you  consider  the  present  demand 
for  decorative  softwood  plywood  panels  to  be  a 
"fad”  that  will  in  time  taper  off,  and  if  so, 
how  long  do  you  think  this  fad  will  last? 

Mr.  Devlin:  The  future  of  rotary-cut  Doug¬ 
las  fir  plywood  is  not  in  the  decorative  field 
except  for  novelty  items  like  Weldtex.  Volume 
use  of  Douglas  fir  will  be  for  structural  uses. 
These  will  be  overlaid  items  that  will  have 
decorative  value,  of  course.  This  is  general  and 
there  will  be  exceptions  for  some  people  do 
like  grain  of  Douglas  fir  plywood. 

Air.  ]ohn  Bene  (Western  Plywood  Co., 
Ltd.) :  Douglas  fir  is  mainly  used  for  structural 
purposes.  For  decorative  purposes  hardwood 
plywood  panelling  is  used.  The  use  of  treated 


fir  plywood  (Weltex,  Etchwood,  etc.),  as  well 
as  various  species  of  decorative  hardwood  ply¬ 
wood,  is  subject  to  fashion  trends. 

Mr.  J.  H.  Grant,  Jr.  (Burritt  Lumber  Sales 
Co.,  Inc.) :  What  evidence  is  there  that  when 
building  drops  off,  the  industry  will  not  prove 
to  have  been  overbuilt? 

Mr.  Devlin:  I  don’t  believe  the  industry  is 
overbuilt  except  possibly  in  terms  of  log  supply. 

I  believe  this  is  borne  out  by  prewar  experience 
on  industry  growth  and  sales.  Demand,  by 
every  statistical  study,  is  still  substantially  ahead 
of  capacity  to  produce.  These  studies  are  related 
to  new  housing  starts,  total  new  construction, 
population  trends  as  well  as  general  business 
conditions,  area  by  area,  throughout  the  United 
States.  Demand,  of  course,  influenced  by  con¬ 
stantly  increasing  price  levels  could  reduce 
overall  demand  substantially.  This  has  not 
occurred  as  yet. 

Mr.  E.  R.  Stivers  (Package  Research  Labora¬ 
tory)  :  How  does  the  yield  of  sliced  veneer 
compare  with  that  for  rotary  cut  veneer? 

Mr.  Bene:  Large  sized  high-quality  logs  can 
be  converted  into  sliced  veneers  and  subse¬ 
quently  into  plywood  yielding  40  to  50  percent 
plywood  of  the  net  log  volume.  In  comparison, 
converting  logs  into  plywood  by  rotary  cutting 
yields  in  excess  of  50  percent.  Lower  grade  logs 
will  often  make  good  plywood  economically 
when  rotary  cut,  but  are  not  suitable  for  slicing. 
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retary-Treasurer  instructed  to  print  and  dis¬ 
tribute  it  to  the  members  of  the  Society. 

4.  Section  ^Activities 

The  President  described  his  tour  around  the 
sections  and  reported  all  sections  in  a  healthy 
condition.  He  attended  the  organization  meet¬ 
ings  of  Lower  Michigan  and  Deep  South  sec¬ 
tions.  Upper  Mississippi  is  planning  to  meet 
this  Fall.  The  petition  for  a  new  section,  Pacific 
Southwest,  will  be  reviewed  during  the  current 
Executive  Board  meeting.  Two  sections.  North¬ 
east  and  Virginia-Carolinas,  were  commended 
for  their  efforts  in  publishing  Section  Pro¬ 
ceedings. 

5.  Report  of  the  Publications  Committee 

The  Publications  Committee  was  reorganized 
during  the  past  year  along  the  lines  recom¬ 
mended  in  our  report  to  the  members  at  the 
Grand  Rapids  meeting.  This  reorganization  has 
resulted  in  better  functioning  of  the  Com¬ 
mittee. 

Prior  to  the  solicitation  of  papers  for  the 
1950  meeting  the  Committee  prepared  a  one- 
page  set  of  recommendations  to  authors  based 
on  the  Style  Standards  published  in  Volume  2 
of  our  Proceedings.  These  recoinmendations 
were  furnished  all  prospective  authors  by  the 
Program  Chairman.  Although  there  was  still 
some  lack  of  conformance  with  these  recom¬ 
mendations  on  the  part  of  a  few  authors,  they 
were  felt  to  be  very  helpful  and  a  decided 
improvement  over  the  previous  method  of  sug¬ 
gesting  that  authors  consult  the  Style  Standards. 
The  Publications  Committee  recommends  that 
the  practice  of  sending  prospective  authors 
copies  of  the  one-page  set  of  "Suggestions  to 
Authors”  be  continued  in  arranging  the  pro¬ 
gram  for  the  1951  meeting. 

In  the  fall  of  1949,  the  Executive  Committee 
requested  that  the  Publications  Committee  con¬ 
sider  the  question  of  a  separate  publication  for 
the  Forest  Products  Research  Society.  This  mat¬ 
ter  was  widely  discussed  with  F.P.R.S.  members 
by  members  of  the  Committee,  and  it  was  rec¬ 
ommended  that  for  the  time  being  we  continue 
with  present  arrangements.  The  desirability  of 
a  separate  publication  was  recognized  by  all 
members  but  it  was  felt  that  until  our  member¬ 
ship  was  greatly  increased  and  we  were  finan¬ 


cially  able  to  assume  the  cost  of  such  a  publica¬ 
tion,  it  would  be  unwise  to  move  ahead  on 
this.  However,  it  was  recommended  that  the 
Executive  Committee  and  the  Publications  Com¬ 
mittee  give  the  question  of  a  separate  publica¬ 
tion  consideration  at  future  meetings. 

The  new  procedure  in  handling  papers  for 
the  Annual  Meeting  has  worked  out  surpris¬ 
ingly  well.  Under  the  present  system,  papers  go 
to  the  Madison  office  and  are  sent  to  Publica¬ 
tions  Committee  members  for  review  according 
to  subject  matter  assignments  previously  agreed 
on.  After  review  and  preparation  of  recom¬ 
mendations  by  Committee  members,  papers 
were  sent  to  the  Chairman  for  consideration  of 
comments,  changes,  and  recommendations  rela¬ 
tive  to  acceptance,  and  then  returned  to  the 
Madison  office.  Subject  matter  assignments  to 
Committee  members  were  as  follows: 

Logs,  sawmills  and  lumbering — F.  F.  Wan- 
gaard 

Shipping  containers — R.  C.  Rietz 

Pulp,  pulpwood  supply  and  wood  particle 
lx)ards — I.  H.  Isenberg 

Quality  control  in  forest  products — E.  A. 
Behr 

Softwood  plywood — J.  B.  Grantham 

General  interest — F.  H.  Kaufert 

Papers  were  carefully  reviewed  and  promptly 
handled  by  all  Committee  members.  Compared 
to  previous  years,  the  work  of  reviewing  papers 
was  greatly  simplified  and  speeded  up  through 
this  procedure.  The  Chairman  of  your  Com¬ 
mittee  would  like  to  take  this  opportunity  to 
commend  all  Committee  members  for  their  ex¬ 
cellent  handling  of  papers  and  the  time  they 
contributed  to  this  end.  Also,  the  Committee 
would  like  to  express  its  appreciation  to  Mr. 
Donald  Coleman,  to  other  memb:;rs  of  the  staff 
of  the  Forest  Products  Laboratory,  and  to  your 
Program  Chairman,  Mr.  Hamilton,  for  their 
many  contributions  to  the  processing  of  the 
papers  presented  at  this  meeting. 

Publications  Committee 

E.  A.  Behr, 

J.  B.  Grantham, 

I.  H.  Isenberg, 

R.  C.  Rietz, 

F.  F.  Wangaard, 

F.  H.  Kaufert,  Chairman 
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6.  Report  of  the  Abstracting  Committee 

We  have  now  made  assignments  to  a  total 
of  thirteen  abstractors.  The  list  of  those  who 
have  kindly  volunteered  to  serve  without  fee 
as  abstractors  together  with  their  assignments 
is  as  follows: 

Mr.  F.  W.  Guernsey,  Wood  (English) 

Dr.  E.  S.  Harrar,  Quarterly  Journal  of 
Forestry 

Mr.  J.  E.  Lodewick,  Timber  of  Canada 
Professor  A.  J.  Panshin,  Lesochimicheskya 
Promishlenost,  Lesnaya  Promishlenost  and 
General  Assignment 

Mr.  N.  V.  Poletika,  Russian  General  Assign¬ 
ment 

Mr.  G.  J.  Ritter,  Australian  Timber  Journal 
Mr.  A.  J.  Snyder,  Tappi,  Paper  Trade 
Journal 

Mr.  A.  W.  Stout,  Timber  News 
Mr.  L.  C.  Wallace,  UNASYLVA 
Professor  F.  F.  Wangaard,  Holztechnik  ver- 
einigt  mit  Sperrholand  General  Assign¬ 
ment 

Dr.  R.  W.  Wellwood,  Revue  Internationale 
du  Bois 

Dr.  W.  W.  Varossieau,  General  Assignment 
Mr.  G.  G.  Marra,  Canada  Lumberman 

In  addition  to  these  abstractors,  who  have 
received  formal  assignments,  there  have  been 
recently  added  the  following  men  who  have 
special  assignments  as  indicated: 

Professor  Bror  L.  Grondal,  Miscellaneous 
foreign 

Mr.  Leonard  Selbo,  Norwegian 

In  addition,  we  have  an  additional  group  of 
volunteers  for  both  English  and  certain  foreign 
language  publications  who  are  prepared  to  add 
their  efforts  to  this  work: 

Mr.  Eskil  Corneluissen 
Mr.  Melvin  M.  Madsen 
Mr.  A.  V.  Pedersen 
Mr.  R.  H.  Plow 

All  of  the  assignments  that  were  originally 
authorized  have  been  made,  and  it  now  appears 
in  order  to  consider  expansion  of  the  assign¬ 
ments  if  additional  funds  are  available.  It  must 
be  remembered  that  in  most  cases  we  must  be 
prepared  to  furnish  the  subscription  as  well  as 


to  bear  the  cost  in  the  Secretary’s  Office  con¬ 
nected  with  having  the  abstracts  published.  It 
is  therefore  recommended  by  the  Abstracting 
Committee  that  we  be  told  what  expenditures 
may  be  made  for  the  purpose  of  abstracting  for 
the  coming  year  and  the  cost  of  abstracting 
already  underway  so  that  we  can  determine  the 
number  of  assignments  that  can  be  made  addi¬ 
tionally  and  get  that  work  underway. 

Respectfully  submitted, 

R.  M.  Brown, 

Dr.  Irving  H.  Isenberg 

J.  E.  Lodewick 

G.  J.  Ritter 

A.  J.  Panshin 

C.  B.  Hemming,  Chairman 

7.  Report  of  Committee  on  Employment 

Service 

The  Committee  was  appointed  in  the  fall  of 
1949,  following  action  of  the  Executive  Board 
of  the  Society. 

No  specific  functions  were  outlined  but  it 
was  thought  desirable  to  create  a  clearing  house 
either  through  the  secretary’s  office  or  at  the 
national  meetings  or  both,  whereby  prospective 
employees  and  employers  might  have  informa¬ 
tion  available  or  make  contacts  or  both  that 
might  be  beneficial  to  both  parties  and  the 
Society. 

Some  correspondence  has  been  handled  by 
the  office  of  the  secretary  and  there  is  now  on 
file  with  the  Committee  at  this  meeting,  several 
letters  from  men  desirous  of  making  contacts 
with  possible  new  employers. 

The  Committee  will  maintain  an  information 
desk  at  this  meeting. 

There  is  one  point  of  policy  that  should  be 
decided  as  it  will  cover  the  eligibility  of  per¬ 
sons  receiving  service.  We  are  suggesting  that 
the  Committee  be  advised  as  to  the  preferable 
policy  item  from  the  following  alternatives: 

1.  The  service  shall  be  available  to  only  em¬ 
ployers  and  prospective  employees  who 
are  members  of  the  Society. 

2.  The  service  shall  be  available  to  only  em¬ 
ployers  and  prospective  employees  who 
are  members  of  the  Society,  except  all  re¬ 
cent  college  graduates  will  be  considered 
regardless  of  membership. 
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From  the  timbers  and  decks  of  loading 
docks  to  crossarms  silhouetted  against 
the  sky,  Monsanto  Penta  is  an  effective 
wood  preservative. 

Penta  prevents  destruction  by  termites 
and  other  wood-boring  insects  .  .  .  pre¬ 
vents  decay  due  to  fungi.  With  properly 
formulated  Monsanto  Penta,  treated  wood 
can  be  made  paintable,  water-repellent  or 
fire-resistant.  Penta  is  best  applied  by 
the  pressure  process. 


If  you  would  like  further  information  on 
Monsanto  Pentachlorophenol,  mail  the 
coupon  or  contact  the  nearest  Monsanto 
Sales  Office.  MONSANTO  CHEMICAL 
COMPANY,  Organic  Chemicals  Division, 
1700  So.  Second  St.,  St.  Louis  4,  Missouri. 

Sonfophen:  Rag.  U.  S.  Pat.  Off. 

DISTRICT  SALES  OFFICES;  Birmingham,  Boaton,  Char* 
lotte,  Chicago,  Cincinnati,  Cleveland,  Detroit,  Houston, 
Loe  Angeles,  New  York,  Philadelphia,  Portland,  Ore., 
San  Francisco,  Seattle.  In  Canada,  Monsanto  (Canada) 
Ltd.,  Montreal. 


SERVING  INDU 


MONSANTO  CHKMICAL  COMPANY 

Organic  Chemicals  Division 

1700  South  Second  Street,  St.  Ix>ui8  4,  Missouri 

Please  send  information  on  Monsanto  Penta  for  use  in  treating . 

Name . Title . 

Company . 

Street . 

City . Zone . State . 

STRY...  WHICH  SERVES  MANKIN 


D 
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3.  The  service  shall  be  made  available  to  all 
employers  who  are  members  of  the  So¬ 
ciety,  but  prospective  employees  need  not 
be  members. 

4.  The  service  shall  be  made  available  to  any 
employer  and  prospective  employee. 

It  is  recommended  that  the  permanent  files 
be  maintained  in  the  office  of  the  secretary  and 
that  the  magazine  "Wood”  carry  notices  of  the 
service. 

As  soon  as  expedient,  a  prepared  statement 
relative  to  the  service  should  be  distributed 
among  the  membership  and  to  the  major  accred¬ 
ited  technical  schools. 

Respectfully  submitted, 

James  N.  Tynan 

J.  T.  Ryan 

Gordon  D.  Logan 

Ira  Hatfield 

Paul  M.  Dunn,  Chairman 

8.  Report  of  the  Inter-Society  Exploratory 

Committee 

The  report  of  this  Committee  was  presented, 
in  the  absence  of  Chairman  G.  M.  Hunt,  by 
Frank  J.  Hanrahan,  and  is  published  with  the 
papers  of  Technical  Session  V.  On  motion  duly 
made  and  seconded  the  report  was  accepted 
with  the  appreciation  of  the  Society  extended 
to  all  Committee  members  for  outstanding  serv¬ 
ice  to  the  Society  and  to  the  industry. 

9.  Report  of  the  Resolutions  Committee 

Upon  motion  of  the  chairman  of  the  Reso¬ 
lutions  Committee,  the  following  resolutions 
were  adopted  by  the  meeting: 

(1)  In  recognition  that  the  success  of  this 
Fourth  Annual  Meeting  of  the  Forest  Products 
Research  Society  is  in  a  large  measure  due  to 
the  foresight,  planning  and  diligence  of  the 
various  responsible  committees,  and  in  particu¬ 
lar  of  the  Portland  meeting  committees, 

Be  it  resolved  that  the  Society  hereby 
acknowledges  its  appreciation  to  the  members 
of  these  committees  for  their  excellent  and  suc¬ 
cessful  work. 

(2)  In  appreciation  of  the  meritorious  serv¬ 
ices  that  they  have  rendered  to  the  Forest  Prod¬ 
ucts  Research  Society  during  their  period  in 
office. 


Be  it  resolved  that  the  gratitude  of  the  So¬ 
ciety  be  extended  to  all  of  our  outgoing  officers 
and  Regional  Board  Members. 

(3)  The  Society  records  with  deep  regret 
the  passing  during  the  last  year  of  the  follow¬ 
ing  members: 

Lambert  Almquist 
J.  M.  Bedford 
Courtney  Combs 
F.  S.  Cutter 
B.  F.  Faast 
M.  H.  Hewett 
L.  V.  Kline 
W.  J.  Mallon 
H.  D.  Marshall 

F.  X.  Neuhaus 
H.  W.  Nelson 
H.  S.  Phillipson 
H.  H.  Pittinger 
J.  D.  Quist 

E.  A.  Throckmorton 

G.  V.  Treyz 

B.  F.  Wade 

C.  L.  Willis,  and  finally,  our  former  sec¬ 
retary,  T.  R.  C.  Wilson 

Be  it  resolved  that  this  expression  of  sym¬ 
pathy  to  the  families  and  friends  of  these  men 
be  included  in  the  permanent  records  of  this 
meeting  and  of  the  Society. 

(4)  In  view  of  the  splendid  cooperation  and 
services  provided  by  our  host  Hotel,  the  Mult¬ 
nomah,  in  helping  to  make  this  annual  meeting 
a  success. 

Be  it  resolved  that  the  appreciation  of  the 
Society  be  extended  to  the  Management  and  to 
the  entire  staff  and  that  a  copy  of  this  resolution 
be  forwarded  to  the  Hotel. 

(5)  In  deep  appreciation  of  the  hospitality 
and  courtesies  extended  by  the  City  of  Port¬ 
land  and  the  State  of  Oregon,  and  with  due 
regard  to  the  climate  and  weather  enjoyed  dur¬ 
ing  the  meetings. 

Be  it  resolved  that  this  expression  of  grati¬ 
tude  to  Governor  McKay  and  the  Honorable 
Mayor  Lee,  and  to  their  able  and  friendly  emis¬ 
saries,  Senator  Walsh  and  Commissioner  Ken¬ 
neth  Cooper,  be  forwarded  to  each  by  the  So- 
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A  WOODWORKINO  MACHINE 
Is  No  Better  Then  Its 
Cutter  Head  Equipment ••• 

Actually,  a  woodworking  machine  is  the  immediate 
“power  plant”  for  the  cutter  head  equipment  it  utilizes. 
When  you  specify  Badger  cutter  head  equipment,  you 
know  that  your  machines  are  equipped  for  safe,  effi¬ 
cient  operation  . . .  that  you  are  getting  full  value 
from  your  machines  in  terms  of  productive  capacity 
and  fine  workmanship. 


/cutter  heads^v 

BADGER. 


I  WISCONSIN  KNIFE  WORKS 

^  BELOIT,  WISCONSIN 


Chemicals  for  the  lumber  industry 


PERMATOX  10$ 

DOWICIDE  G 

WEED  KILLERS 

For  controlling 

For  preservative  1 

A  complete  line 

saps'tain  and  mold  in 

treatment  of  fibreboard  and  < 

for  specific  control 

green  lumber 

insulating  materials  \ 

i 

problems 

AMBRITE 

PENTA 

Write,  wire  or 
phone  for  literature, 
prices  and 
recommendations 

AMBROCIDE 

For  protecting  logs 

PRESERVATIVE 

For  preventing 

and  lumber  against  stain 
and  insects 

rot  and  insect  attack 

in  wood 

Chapman  Chemical  Company 

•  Dermon  Bldg.,  Memphis  3,  Tenn.  •  Distributors  of  Dowicides  for  The  Dow  Chemical  Co. 
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ciety’s  Secretary,  and  also  be  entered  on  the 
permanent  records  of  the  Society. 

Resolutions  Committee 
D.  L.  Haines 
Frank  Hanrahan 
Ray  Shreck 
Fred  H.  Vcxjel 
N.  S.  Perkins,  Chairmatt 

Upon  motion  duly  made  and  seconded  the 
preceding  reports  were  accepted  with  grateful 
acknowledgments  to  the  committee  members 
for  their  eflForts. 

10.  New  Business 

No  new  business  was  presented. 

At  this  point  President  Locke  acknowledged 
and  thanked  the  various  members  of  the  re¬ 
gional  and  national  nominating  committees, 
and  introduced  the  Chairman  of  the  latter,  Don 
Walters.  Paying  especial  tribute  to  George  Gar- 
ratt  and  Carl  Rishell,  retiring  members  of  the 
Board,  and  to  R.  D.  Pauley  and  his  entire  Port¬ 
land  Meeting  Committee,  President  Locke  in¬ 
troduced  each  of  the  Board  Members  present. 

A  telegram,  "Here’s  to  the  success  of  the 
FPRS  Meeting”  received  from  former  President 
Fred  Gottschalk  was  read  to  the  assembly. 

11.  Report  of  the  Tellers  Committee 

As  the  result  of  balloting  for  officers  and 
board  members  for  the  Forest  Products  Research 
Society  for  1950  the  following  were  declared 
elected: 


For  President:  James  F.  Hamilton,  Ellicot- 
ville.  New  York. 

For  First  Vice-President:  Roy  M.  Carter, 
Raleigh,  North  Carolina. 

For  Second  Vice-President:  Kenneth  G.  Ches- 
ley,  Crossett,  Arkansas. 

For  South-Central  Regional  Board  Member 
(3-year  term):  Moss  B.  Christian,  Tallu¬ 
lah,  Louisiana. 

For  South-East  Regional  Board  Member  (3- 
year  term):  Richard  A.  Hertzler,  Ashe¬ 
ville,  North  Carolina. 

Attested  by  the  Tellers  Committee: 

L.  N.  Ericsson 
Hereford  Garland 
Ed  Dnn 

R.  W.  Wellwood 

R.  N.  Hammond,  Chairman 

12.  Installation  of  Officers 
Newly-elected  President  Hamilton  expressed 

his  appreciation  to  retiring  president  Locke,  re¬ 
tiring  board  members  Garratt  and  Rishell  and 
to  the  entire  Board  for  their  outstanding  efforts 
in  the  past  year.  He  thanked  the  assembly  and 
membership  for  their  confidence  in  their  new 
leaders  and  expressed  the  hopes  that  all  would 
continue  to  spread  the  principles  of  the  Society, 
build  membership  and  attend  the  1951  Annual 
Meeting  and  Industry  Show  to  be  held  at  Phila¬ 
delphia,  May  7-11,  1951. 

13.  Adjournment 

The  meeting  was  adjourned  at  J  :45  p.  m. 
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WNBEVER 
YOUUSEWOODi. 


In  th«  north,  poles  must  resist  I  ntho  south,  high  temperatures  In  tho  dosort,  crossties  broom, 
the  tremendous  weight  of  fre-  cause  light-bodied  preserva-  shatter  and  split  from  extreme 
quent  sleet  storms.  Barrett*  tives  to  leach  and  evaporate  dryness  and  heat.  Solutions  made 
Coal-T ar  Creosote  allows  poles  from  the  wood  rapidly.  Barrett  with  Barrett  Coal-Tar  Creosote 
to  retain  their  maximum  Coal-Tar  Creosote,  heavier  retard  this,  and  reduce  wear  of 
strength,  helps  to  keep  the  bodied  and  of  lower  volatility,  crossties  through  their  lubricat- 
poles  at  their  best.  prevents  this  condition.  ing  action  on  the  wood  fibers. 


I  n  thu  swamps,  high  moisture  con¬ 
tent  and  infection  from  other  de¬ 
caying  wood  are  menaces.  Poles 
properly  treated  with  Barrett 
Coal-Tar  Creosote  survive  under 
swamp  conditions  for  years. 


In  frush  wotur,  many  preserva¬ 
tives  leach  out  of  wood.  Coal- 
Tar  Creosote,  being  only  neg¬ 
ligibly  soluble  in  water,  is  the 
preferred  preservative  for  use 
on  submerged  wood  structures. 


In  suit  wotur,  marine  borers 
give  a  preservative  its  sever¬ 
est  test.  Coal-Tar  Creosote  has 
proved  consistently  effective 
against  teredos,  limnoria  and 
c^ier  enemies  of  wood. 


THE  BARRETT  DIVISION  Coal-Tar  Crsosotu  wood  pretorvalivo  has 

Alllml  Chumlcul  4  Dyu  Cerpurmien  boon  used  long  enough  and  widely  enough  to 

40  Rector  Street,  New  York  A,  N.  Y.  have  proved  its  effectiveness  under  all  conditions. 

COAL 
TAR 

FP  6-30-S0  v-j  P.0.1881  Ad237-A 
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Registrants  from  all  over  the  United  States 
and  Canada  and  many  foreign  countries,  as  well 
as  logging  and  lumber  men  in  the  Pacific  North¬ 
west  had  an  opportunity  to  view  much  of  the 
latest  in  woodworking  machinery,  methods  and 
materials  at  the  1950  Forest  Products  Industry 
Show. 

The  location  of  the  Show  was  the  city-block 
long  Portland  Armory  in  which  fifty-six  ex¬ 
hibitors  filled  eighty-eight  booths,  to  near¬ 
capacity.  The  final  registered  attendance  at  the 
Show,  to  which  admission  was  by  invitation, 
was  almost  900,  most  of  them  production  and 
technical  persons.  Products  displayed  included 
logging,  lumbering,  high-frequency  heating. 


materials  handling,  wood-working  machinery, 
kilns,  and  othe^  major  equipment.  In  addi¬ 
tion,  a  range  of  chemicals,  preservatives, 
adhesives,  and  instruments  were  ex¬ 
hibited.  Services  were  offered  by  associations, 
consultants,  educational  and  research  institu¬ 
tions. 

A  number  of  the  machines  were  exhibited  in 
actual  operation  enabling  visitors  to  see  pro¬ 
duction  results.  The  Show  was  open  from  10:00 
a  m.  to  10:00  p.  m.,  and  shuttle  bus  service 
operated  each  half-hour  between  the  headquar¬ 
ters  hotel  and  Armory. 

Companies  that  placed  exhibits  in  the  1950 
Forest  Products  Industry  Show  included: 


INDUSTRY  SHOW  EXHIBITORS 


Louis  Allis  Company 
Milwaukee,  Wisconsin 

American  Manufacturing  Co.,  Inc. 
Tacoma,  Washington 

Associated  Plywood  Mills,  Inc. 
Eugene,  Oregon 

The  Borden  Company, 

Chemical  Division, 

New  York,  New  York 

Cascade  Saw  &  Tool 
Centralia,  Washington 

Cleworth  Publishing  Company 
"Industrial  Woodworking" 

New  York,  New  York 

Delmhorst  Instrument  Company 
Boonton,  New  Jersey 


Deluxe  Saw  and  Tool  Company,  Inc. 
Chicago,  Illinois 
De  Walt,  Incorporated 
Lancaster,  Pennsylvania 
Henry  Disston  &  Sons 
Philadelphia,  Pennsylvania 
Douglas  Fir  Plywood  Assn. 

Tacoma,  Washington 

The  Dow  Chemical  Company 

Midland,  Michigan 

Ederer  Engineering  Company 

Seattle,  Washington 

Eicher  &  Company 

Seattle,  Washington 

Ekstrom,  Carlson  &  Company 

Rockford,  Illinois 

Everhot  Manufacturing  Company 

Maywood,  Illinois 
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Forest  Fiber  Products  Co. 

Forest  Grove,  Oregon 
Greenlee  Brothers  &  Company 
Rockford,  Illinois 
Hitchcock  Publishing  Company 
"Woodworking  Digest” 

Wheaton,  Illinois 

Hyster  Sales  Company 

Portland,  Oregon 

Irvington  Machine  Works 

Portland,  Oregon 

Jones  and  Orth  Cutter  Head  Co. 

Seattle,  Washington 

Lumber  Manufacturers,  Inc. 

Portland,  Oregon 

Mattison  Machine  Woiks 

Rockford,  Illinois 

Mereen-Johnson  Machine  Company 
Minneapolis,  Minnesota 
Moisture  Register  Company 
Alhambra,  California 
Monarch  Forge  &  Machine  Works 
Portland,  Oregon 
Moore  Dry  Kiln  Company 
North  Portland,  Oregon 
Northwest  Syndicate,  Inc. 

Tacoma,  Washington 
The  Oilgear  Company 
Portland,  Oregon 
Oliver  Machinery  Co. 

Grand  Rapids,  Michigan 
Oregon  Forest  Products  Laboratory 
Corvallis,  Oregon 
Perkins  Glue  Company 
Lansdale,  Pennsylvania 
Rockwell  Manufacturing  Co. 

Power  Tool  Division 
Milwaukee,  Wisconsin 
Precision  Machine  Works 
Tacoma,  Washington 
Protection  Products  Mfg.  Co. 
Kalamazoo,  Michigan 
Reichhold  Chemicals,  Inc. 

Seattle,  Washington 
Smithway  Machine  Company 
Seattle,  Washington 
Star  Machinery  Company 
Seattle,  Washington 
Stetson-Ross  Machine  Company 
Seattle,  Washington 


Stimson  Lumber  Company 

Forest  Grove,  Oregon 

Tallman  Machinery  Company 

Seattle,  Washington 

U.  S.  Forest  Products  Laboratory 

Madison,  Wisconsin 

Van  Waters  &  Rogers,  Inc. 

Portland,  Oregon 

Vance  Publishing  Corporation 

"Wood  Magazine” 

Chicago,  Illinois 
Waico  Sales  Company 
Wall,  Lundberg  &  Company 
Portland,  Oregon 
Washington  University 
College  of  Forestry 
Seattle,  Washington 
West  Coast  Lumbermen’s  Assn. 
Portland,  Oregon 
West  Coast  Plywood 
Aberdeen,  Washington 
West  Coast  Tree  Farms 
Western  Pine  Assn. 

Portland,  Oregon 
Westinghouse  Electric  Corp. 
Pittsburgh,  Pennsylvania 
Weston  Electrical  Instrument  Corp. 
Newark,  New  Jersey 
Henry  Wiegand  Corporation 
New  York,  New  York 
Woodwelding,  Inc. 

Burbank,  California 
Yates- American  Machine  Co. 
Beloit,  Wisconsin 


It’s  Philadelphia,  May  7-11,  in  ’51 
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WOOD-LOK,  a  liquid  resin 
glue,  used  cold,  will  produce 
a  bond  stronger  than  the 
wood  it  joins!  Every  batch 
must  meet  exacting  strength 
standards.  Test  materials  are 
carefully  selected  and  test  con¬ 
ditions  are  duplicated  in  ac¬ 
cordance  with  finest  laboratory 
procedures. 

WOOD-LOK  has  been  shear 
tested  on  thousands  of  test 
blocks  in  National's  research 
laboratories,  its  non-brittle 
bond  must  exhibit  shearing 
strengths  in  excess  of  3300 
pounds  per  square  inch  during 
A.S.T.M.  Shearing  Tool  tests 
before  shipment. 


New  York 

Boston  •  Philodolphio 
Chicago  •  Clovolond 
Atlanta  •  San  Francisco 
Toronto  •  Montreal 


EVERY  TYPE  OF  ADHESIVE  FOR  EVERY  INDUSTRIAL  USE 


DIEHL  designs  for 
Profitable  Woodworking 

•  For  lower  manufacturing  costs,  schedule  as 
many  operations  as  you  can  on  Diehl  Wood¬ 
working  Machines. 

RIP  SAWS  •  CUT  OFT  SAWS  •  MOULDERS  • 
VENEER  SPLICERS  •  VENEER  JOINTERS  •  TAPE¬ 
LESS  SPUCERS  •  GLUE  lOINTERS  AND  EDGE 
MOULDERS  •  EDGE  GLUING  MACHINES  • 
CUTTERS  AND  CUTTERHEADS  •  CUTTER 
GRINDERS  •  SAW  SETS  •  GLUE  POTS 

U.  S.  Patents  Number  for  the  890  Tapeless  Veneer  Splicer: 
2269816,  2305525,  2372894;  Canadian  Patents  Number:  443733, 
443734,  443735.  Canadian  Patent  Number  for  the  69  Veneer 
Jointer  and  Edge  Gluer:  451342. 


On  the  Banks  of  the  Wabash 
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Directory 

December,  1950 


EXECUTIVE  OFFICERS 

President 

]aMES  F.  HAMILTON 
Manager,  Laminating  Operations 
M.  Murphy  &  Sons,  Inc. 

Ellicottville,  New  York 

First  Vice  President 
ROY  M.  CARTER 
Professor,  Forestry  Division 
North  Carolina  State  College 
Raleigh,  North  Carolina 

Second  Vice  President 
KENNETH  G.  CHESLEY 
Director  of  Research 
Crossett  Lumber  Company 
Crossett,  Arkansas 

Past-President 
EDWARD  G.  LOCKE 
Chief,  Forest  Utilization  Service 
Pacific  Northwest  Forest  &  Range 
Experiment  Station 
Portland,  Oregon 


Aetna  Plywood  and  Veneer 

Co.  1340s 

(George  Sellers) 

1731  Elston  Ave.j 
Chicago  22,  Illinois 

American  Creosoting  Company  1765s 
(C.  C.  Kuehn) 

551  Fifth  Avenue 
New  York,  New  York 

American  Defibrator  Inc.  1149s 

(Uno  Lowgren,  Pres.), 

405  Lexington  Ave., 

New  York  17,  New  York 

American  Marietta  Company,  Adhes¬ 
ive,  Resin  &  Chemical  Div.  1553s 
(Donald  V.  Redfern,  Technical  Dir.), 
3400  Thirteenth  Ave.,  S.  W. 

Seattle  4,  Washington 

Baker  Furniture,  Inc.  384s 

(Hollis  S.  Baker,  President), 
Exhibitors  Building,  _ 

Grand  Rapids  2,  Mchigan 

The  Baldwin  Conmany  1206s 

(Lucien  Wulsin,  Pres.), 

1801  Gilbert  Ave., 

Cincinnati  2,  Ohio 

The  Barrett  Division  1338s 

Allied  Chemical  &  Dye  Corp. 

(R.  L.  Cammann,  V.  P.), 

4o  Rector  St., 

New  York  6,  New  York 

Bloedel,  Stewart  &  Welch, 

Ltd.  1316s 

(Prentice  Bloedel,  Pres,  and  Treas.), 
904  Standard  Bldg., 

Vancouver,  British  Columbia 

Borden  Company,  Chemical 
Division  342s 

(W.  F.  Leicester,  President) 

350  Madison  Ave. 

New  York  17,  New  York 

Bradley  Lumber  Company  of 
Arkansas  1087s 

(O.  Hilton,  President) 

Warren,  Arkansas 


Executive  Secretary 
FRANK  J.  ROVSEK 
Box  2010  University  Station 
Madison.  Wisconsin 


REGIONAL  BOARD 
MEMBERS 


Northeast 

C.  F.  VAN  EPPS 
Materials  Engineer!^  Department 
Stromberg-Carlson  (-ompany 
Rochester,  New  York 


North-Central 
RALPH  H.  BESCHER 
Manager,  Technical  Department 
Wood  Preservation  Division 
Koppers  Company,  Inc. 

Orrville,  Ohio 


MEMBERS— SUPPORTING 


British  Columbia  Lumber  Manufac¬ 
turers  Association  1178s 

(L.  R.  Andrews,  Secy  .-Mgr.), 

817  Metropolitan  Bldg., 

737  W.  Hastings  St., 

Vancouver,  British  Columbia 


E.  L.  Bruce  Co.  231s 

(C.  Arthur  Bruce,  Exec.  V.  P.), 

Box  397, 

Memphis,  Tennessee 

Buckeye  Screen  &  Weatherstrip 
Company  1203s 

(George  H.  Barr,  Pres,  and  Gen. 
Mgr.), 

1365  South  Ohio  Avenue 
Columbus  6,  Ohio 


California  Cedar  Products 

Co.  1292s 

(Robert  E.  Partch,  V.  P.  &  Treas.) 
Box  528, 

Stockton,  California 

California  Redwood  Association 
(B.  C.  Manson)  1482s 

405  Montgomew  Street 
San  Francisco  4,  California 

Wm.  Cameron  &  Co.,  Inc.  1291s 
(Frank  F.  Stevens,  Exec.  V.  P.  and 
Gen.  Mgr.), 

2400  Mary  Street  ^ 

Waco,  Texas 


Canadian  Forest  Products 
Limited  1716s 

(John  G.  Prentice,  V.  P.  and  Secy.) 
Foot  Braid  Street 
New  Westminster,  B.  C. 


L.  J.  Carr  &  Company  1171s 

(L.  J.  Carr,  General  Manager) 

Box  1282,  65th  &  R  Streets 
Sacramento,  California 


Cascade  Pacific  Lumber  Co. 
(John  J.  Helm,  Manager) 
319  Pacific  Bldg., 

Portland  4,  Oregon 


1181s 


Cascades  Plywood  Corp.  1628s 

(Charles  W.  Fox,  V.  P.) 

1016  Public  Service  Building 
Portland  5,  Oregon 
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Northwest 

ROBERT  D.  PAULEY 
Manager,  Development  Department 
Weyerhaeuser  Timber  Company 
Longview,  Washington 

Southeast 

RICHARD  A.  HERTZLER 
Southeastern  Forest  and  Range  Ex¬ 
periment  Station 
Asheville,  North  Carolina 


South-Central 
M.  B.  CHRISTIAN 
Chicago  Mill  &  Lumber  Company 
Tallulah,  Louisiana 

Southwest 

L.  J.  CARR 

General  Manager 

L.  J.  Carr  and  Company 

Sacramento,  California 


The  Champion  Paper  &  Fibre 
Co.  1177s 

(W.  J.  Damtoff) 

Canton,  North  Carolina 

Chapman  Chemical  Company  2755s 
(A.  Dale  Ch^man,  President) 

707  Derman  Bldg. 

Memphis,  Tennessee 

The  Connor  Lumber  and  Land 
Co.  1192s 

(G.  R.  Connor,  Mgr.  Michigan  Di¬ 
vision), 

Wakefield,  Michigan 

Peter  Cooper  Coloration  1221s 
(G.  W.  Grace,  Technical  Rep.) 

1455  No.  Magnolia  Ave., 

Chicago,  Illinois 

Crane  Mills  1166s 

(H.  R.  Crane,  President) 

Box  536 

Corning,  California 

Crawford  Furniture  Mfg. 

Corp.  2034s 

(Clyne  Crawford,  President) 

957  Allen  Street 
Jamestown,  New  York 

Crossett  Lumber  Co.  421s 

(Kenneth  G.  Chesley,  Director  of 
Research) 

Crossett,  Arkansas 

Curtis  Companies  ,Incorporated  1498s 
(Merle  W.  Baker,  Research  Engr.), 
114  Twelfth  Ave.  South, 

Clinton,  Iowa 

Deer  Park  Pine  Industry,  Inc.  1313s 
(J.  H.  Leuthold,  Pres.  &  Gen.  Mgr.), 
Deer  Park,  Washington 

Dierks  Lumber  &  Coal  Co.  1180s 
(Frederick  M.  Dierks,  Exec.  Engr.). 
Mountain  Pine,  Arkansas 

Douglas  Fir  Plywood 
Association  1151s 

(N.  S.  Perkins,  Technical  Dir.), 
301  Tacoma  Bldg., 

Tacoma  2,  Washington 
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Here's  Latest  Information 


room-temperature  bonding 
with  Penacolite'  Adhesives 


#  Resorcinol  base  adhesives  are  the  only 
known  resin  adhesives  capable  of  curing 
at  room  temperature  which  are  truly  water¬ 
proof  and,  due  to  their  neutrality,  are  not 
injurious  to  cellulosic  fibres.  No  corrosive 
catalysts  are  necessary  with  resorcinol  ad¬ 
hesives.  They  are  thermo-setting  resins 
and  attain  their  cured  state  through  an 
irreversible  chemical  reaction.  The  bonds 
produced  with  Penacolite  Resorcinol  Ad¬ 
hesives  will  not  deteriorate  with  age.  Fur¬ 
ther,  because  resorcinol  resins  are  insoluble 
and  chemically  inert,  these  adhesives  re¬ 
sist  attacks  by  molds,  fungi,  bacteria,  and 
insects. 


Room  -  temperature  setting  Penacolite 
Resorcinol  Adhesives  are  highly  recom¬ 
mended  for  the  bonding  of  all  cellulosic 
materials,  most  of  the  thermo-setting  and 
thermo-plastic  materials,  as  well  as  natural 
and  some  synthetic  rubbers.  With  wood, 
these  durable  adhesives  remain  as  strong 
as  the  material  they  join  .  .  .  over  all  con¬ 
ditions  of  temperature  from  40°C.  to 
temperatures  which  actually  char  wood! 


For  information  on  Penacolite  Adhesives,  send  for  the  following  literature: 

Bulletin  C-O-145  on  PENACOLITE  ADHESIVE  G-1131  (for  general  assembly  bonding) 

Bulletin  C-0-148  on  PENACOLITE  ADHESIVE  G-1124  (for  gluing  of  oak  and  other 

woods  having  large  rays) 

Bulletin  C-O-143  on  PENACOLITE  ADHESIVE  G-1215  (for  general  banding,  where 

economy  is  paramount) 

KOPPERS  COMPANY,  INC. 

Chemical  Division  Dept.  FP-51,  Koppert  Building  Pittsburgh  19,  Pa. 


PENACOLITE  RESORCINOL  ADNESIVES 


Penacolite  Adhesives  make  many  products  better  and  many  better  products  possible. 
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The  Dow  Chemical  Company  1559s 
(Frank  B.  Smith,  Technical  Service 
and  Development  Div.), 

Midland.  Michigan 

Downingtown  Manufacturing 

Co.  1381s 

(Harry  C.  Merritt,  V.  P.), 
Downingtown,  Pennsylvania 

Draper  Corporation  1213s 

(W.  C.  Lewison,  Resident  Mgr.), 
Beebe  River,  New  Hampshire 

The  Dunbar  Furniture  Mfg. 

Co.  1165s 

(John  H.  Gividen,  Exec.  V.  P.), 
Berne,  Indiana 

Eatonville  Lumber  Company  75s 
(G.  E.  Karlen,  General  Manager), 

?11  Tacoma  Building, 

Tacoma  2,  Washington 

Everett  Piano  Company  1212s 

(George  H.  Stanley,  Pres.), 

Indiana  Ave.  &  Elkenburg  St., 

South  Haven,  Michigan 

Forest  Products  Treating  Co.  1195s 
(W.  E.  Doan,  Gen.  Mgr.), 

824  Pittock  Block, 

Portland  5,  Oregon 

Fox  Bros.  Manufaauring  Co.  1075s 
(Charles  F.  Paul,  Pres.  &  Gen. 

c 

2717  Sidnev  St.. 

St.  Louis  4,  Missouri 

Frick  Company  1467s 

(D.  Norris  Benedict,  Pres,  and  Gen. 
Mgr.), 

W.  Main  St.. 

Waynesboro,  Pennsylvania 


Ivory  Pine  Company  1223s 

(E.  P.  Ivory,  V.  P.  and  Gen.  Mgr.), 
Box  116 

Dinuba,  California 

Johnson  &  Carlson  1519s 

(C.  E.  Carlson,  Treas.), 

848-864  Eastman  St., 

Chicago  22,  Illinois 

The  Kirk  and  Blum  Mtg.  Co.  1153s 
(R.  J.  Blum,  Jr.,  V.  P.). 

2850  Spring  Grove  Ave., 

Cincinnati  25,  Ohio 

Koppers  Company,  Inc.,  1133s 

Tar  Products  Division 
(J.  N.  Roche,  Manager) 

1201  Koppers  Bldg., 

Pittsburgh  19,  Pennsylvania 

Lightsey  Brothers  1384s 

((Jswald  Lightsey,  Co-Owner  and 
Manager) 

Miley,  South  Carolina 

The  Long  Bell  Lumber  Co.  1540s 
(T.  E.  Heppenstall,  Chief  Production 
Engineer) 


Box  1079, 

Longview,  Washington 

Louisiana  Long  Leaf  Lumber 

1154s 

Co. 

(P.  A.  Bloomer,  V.  P.), 
Fisher,  Louisiana 

MacMillan  Industries,  Ltd. 

1599s 

Plywood  Division 

(H  W.  Peck,  Chief  Chemist) 

Box  340 

Vancouver,  Canada 


Fyles  &  Rice  Company,  Inc.  1131s 
(Delbert  M.  Stearns,  Pres.), 

Bethel.  Vermont 


Great  Lakes  Lumber  and  Shipping 
Limited,  Lumber  Division  1650s 
(J.  N.  Swinden,  Manager) 

Box  398 

Fort  William,  Ontario 


Greenlee  Tool  Co. 

(A.  H.  Hawkinson, 
Manager) 

2136  Twelfth  St., 
Rockford,  Illinois 


1175s 
Asst.  Sales 


Gunnison  Homes,  Inc.  1132s 

Subsidiary  U.  S.  Steel  Corp. 

(Wm.  J.  Messingsch lager.  Director 
Product  Development  Dept.), 
Charleston  Road, 

New  Albany,  Indiana 


Hammond  Lumber  Company  1179s 
(James  Smith), 

Box  2138,  Terminal  Annex, 

Los  Angeles  54.  California 

Heywood-Wakefield  Co.  1204s 

(Richard  N.  Greenwood,  Pres.), 

206  Central  Street 
Gardner,  Massachusetts 


Edward  Hines  Lumber  Co.  1304s 

(H.  O.  Gerhardt.  Chief  Architect  & 
Engineer) 

2431  South  Wolcott  Avenue 
Chicago  8,  Illinois 

The  Hofft  Company,  Inc.  2244s 

(H.  C.  L.  Miller,  President) 

914  Capitol  Street 
Richmond,  Virginia 

Holt  Hardwood  Company  1134s 

(D.  S.  DeWitt.  V.  P.), 

Oconto,  Wisconsin 

William  Hulbert  Mill 
Company  1156s 

(W.  G.  Hulbert,  Jr..  Secy.) 

12th  and  Bayside 
Everett,  Washington 

Seattle  1,  Washington 


Marathon  Corporation  D09s 

(D.  C.  Everest,  Pres,  and  Gen. 
Mgr.), 

Rothschild,  Wisconsin 

Memphis  Hardwood  Flooring 
Co.  1135s 

(R.  F.  Sharp,  Manager), 

1591  Thomas  St., 

Memphis  10,  Tennessee 

Mereen-Johnson  Machine  Co.  2250s 
(C.  R.  Johnson) 

4401  Lyndale  Aveiiue,  North 
Minneapolis  12,  Minnesota 

Monsanto  Chemical  Company  552s 
(Ira  Hatfield) 

1700  S.  Second  St., 

St.  Louis  4,  Missouri 

Mosinee  Paper  Mills  Coinpany  1380s 
(N.  S.  Stone,  V.  P.  and  Gen.  Mgr.), 
Mosinee,  Wisconsin 

D.  J.  Murray  Manufacturing 

Co.  1987s 

(C.  E.  Staky,  Exec.  V.  P.-Gen.  Mgr.) 
1002  Third  Street 
Wausau,  Wisconsin 

National  Association  of  Furniture 
Manufacturers  1481s 

(J.  C.  McCarthy,  Secy.), 

Room  2140 — 666  Lake  Shore  Dr. 
Chicago  11,  Illinois 

National  Tank  &  Pipe  Company 
(Ray  C.  Hansen,  Mgr),  1173s 

2401  S.  Columbia  Blvd. 

Portland  3,  Oregon 

J.  Neils  Lumber  Company  1466s 

(Paul  Neils,  President) 

5C5  P  ibiic  Serv  ce  Building 
Portland  5,  Oregon 

Northwest  Furniture  Manufacturers’ 
Association  1574s 

(Arthur  M.  Carney,  Exec.  Secy.), 
1803  Northern  Life  Tower, 


Oregon  Lumber  Company  1194s 
(A.  C.  Lighthall,  Jr.), 

Drawer  391, 

Baker,  Oregon 


Oval  Wood  Dish  Corp. 
(Gerald  P.  Hull.  PresT), 
120  Demars  Blvd., 
Tupper  Lake,  New  York 


1497s 


Paine  Lumber  Co.,  Ltd.  2440s 

(J.  J.  Davis,  V.  P.) 

73  West  Algoma  St. 

Oshkosh,  Wisconsin 

Perkins  Glue  Co.  1317s 

Lansdale,  Pennsylvania 

Philco  Corporation  410s 

(R.  C.  Fraunberger,  Manager  Forest 
Products  Division) 

Tioga  &  C  Sts-., 

Philadelphia  34,  Pennsylvania 


Potlatch  Forests.  Inc.  I6l7s 

(H.  Z.  White,  Research  Engr.) 
Lewiston,  Idaho 


Rhinelander  Paper  Company 
(Karl  W.  Fries,  Tech.  Dir.) 
Rhinelander,  Wisconsin 


2060s 


Rilco  Laminated  Products,  Inc.  1026s 
(M.  C.  Neel,  Chief  Engr.), 

1st  National  Bank  Bldg., 

St.  Paul  1,  Minnesota 

D.  M.  Rose  &  Company  1148s 

(D.  Morton  Rose,  Jr.), 

Box  478, 

Knoxville  4,  Tennessee 

Scott  Lumber  Company,  Inc.  1450s 
(Raymond  H.  Berry,  V.  P.  and  Gen. 
Mgr.), 

Burney,  Shasta  Co.,  California 


H.  &  A.  Selmer,  Inc.  2077s 

(Delbert  G.  Cline,  Development 
Engineer) 

1617  "1”  Avenue 
New  Castle,  Indiana 


Simpson  Logging  Company 
(George  L.  Drake) 

Shelton,  Washington 

W.  T.  Smith  Lumber 
Company 

Julian  F.  McGowin), 
Chapman,  Alabama 


1465s 


1488s 


Southern  Wood  Preserving  Co.  1150s 
(J.  A.  Vaughan.  Research  Engr.), 

P.  O.  Station  A. 

Atlanta,  Georgia 


A.  G.  Spalding  &  Bros.  Inc.  1205s 
(James  N.  Tynan,  Chief  Wood  Tech- 
riician), 

Chicopee,  Massachusetts 


Harry  Hull  St.  Clair 
Hart  Moisture  Gauges,  Inc. 
126  Liberty  Street 
New  York  6,  New  York 


(E.  p  Neik  rk.  Sales  Mg 
553  N.  Chestnut  St., 
Ravenna,  Ohio 


892s 


1183s 


Steger  Furn  ture  Mfg.  Co.  2294s 
(Harold  Coddington,  Gen.  Mgr). 
3321  Chicago  Road 
Steger,  Illinois 


Stetson-Ross  Machine  Company  1662s 
(F.  A.  Nicholson,  Chief  Engineer) 
Seattle,  Washington 
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con^bine  the 

p\yV/OOC» 


.  .  .  Light  gauge  sheets  of  steel  or  aluminum 
and  other  metals  are  bonded  to  one  or  both  faces 
of  a  plywood  plaque.  Widely  used  for  Diesel 
locomotive  side  panels,  escalator  panels,  table 
tops,  truck  trailer  side  panels,  delivery  truck 
bodies,  railway  passenger  car  interiors,  bakery 
proof  boxes,  air  conditioning  equipment,  etc. 
Combines  stiffness  and  light  weight  of  plywood 
with  the  advantages  of  sheet  metal. 


HASKELITE  AIRCRAFT  AND  MARINE  PLYWOOD 


Ideal  for  surfaces  that  get  hard  wear  such  as  table  tops,  kitchen  counter  tops,  etc. 
Ideal  as  well  for  use  as  wall  board,  for  the  interior  finish  of  railway  passenger  cars, 
dining  cars,  buses  and  elevator  cabs.  It  is  easily  fabricated  with  conventional  wood¬ 
working  tools.  It  is  available  in  many  distinctive  colors  and  patterns. 

Write  for  complete  specifications 


DUNBAR 


manufactured  by  meant 


af  electronic  bending 


It  is  a  DUNBAR  choracteristic 
to  combine  fine  woods  with 
other  materials,  including 
metal,  in  the  production 
of  quality  modern  furniture. 
The  Edward  J  Wormley 
designs  shown  here  are  Good 
Design  Selections  of  the  New 
York  Museum  of  Modern  Art. 


DUNBAR  FURNITURE  MANUFACTURING  CO. 

BERNE.  INDIANA 
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Stimson  Lumber  Co. 
(Harold  A.  Miller.  V.  P. 

Mgr.). 

Box  68, 

Forest  Grove.  Oregon 


14(X>s 
and  Gen. 


United  States  Steel  Corporation  of 
Delaware  1322s 

(J.  V.  Freeman,  Director) 

Room  1303,  71  Broadway 
New  York  6,  New  Yorlc 


T.  O.  Sutton  &  Sons  1339s 

(J.  W.  Sutton.  Mgr.), 

Box  23, 

Chireno,  Texas 

Tennessee  Products  &  Chemical 
Co.*  llOOs 

(Horace  E.  Hall,  Director  of  Re¬ 
search) 

American  National  Bank  Building 
Nashville  3,  Tennessee 

Thomasville  Chair  Company  1680s 
(Tom  A.  Finch,  Jr.) 

Thomasville,  North  Carolina 

Timber  Structures,  Inc.  1222s 

(Ward  Mayer,  Pres.), 

3400  N.  W.  Yeon  Ave., 

Box  3782, 

Portland  8,  Oregon 


United  States  Plywood  Corporation 
2702s 

(Charles  B.  Hemming) 

33  West  44th  Street 
New  York  18,  New  York 

Vaughn  Millwork  Company  2780s 
(Harris  E.  Vaughn) 

P.  O.  Box  679 
Reno,  Nevada 

The  Vulcan  Copper  &  Supply 
Co.  333s 

(T.  O.  Wentworth,  President), 

120  Sycamore 
Cincinnati  2,  Ohio 

J.  I.  Wells  Company  1434s 

(J.  1.  Wells,  Owner), 

P.  O.  Box  312 
Salisbury,  Maryland 


West  Coast  Lumbermen’s 
Assn.  1461s 

(T.  K.  May,  Dir.  of  Technical  Serv¬ 
ice), 

1410  S.  W.  Morrison  St., 

Portland  13,  Oregon 

Western  Pine  Association  2362s 
(Carl  A.  Rasmussen,  Research  Dir.) 
7733  S.  E.  13th  Avenue 
Portland  2,  Oregon 

Weyerhaeuser  Timber  Co.  14l6s 

(C.  C.  Heritage,  Technical  Dir.), 
Longview,  Washington 

Wood  104ls 

(R.  C.  Art,  Managing  Editor), 

139  North  Clark  Street 
Chicago  2,  Illinois 

E.  K.  Wood  Lumber  Company  1313s 

(John  B.  Wood.  V.  P.). 

2111  Frederick  Street 
Oakland  6,  California 

Woodwelding,  Inc.  1040s 

(Jack  B.  Cunningham,  Pres.), 

30C0  W.  Olive  Ave., 

Burbank,  California 


MEMBERS— UNITED  STATES  AND  CANADA 


NORIHEAST  REGION 
Connecticut 
Maine 

Massachusetts 
New  Brunswick 
New  Hampshire 
New  Jersey 
New  York 
Nova  Scotia 
Ontario  (Eastern) 
Pennsylvania 
Quebec 
Rhode  Island 
Vermont 


SOUTHEAST  REGION 
ETelawsK 

District  of  Columbia 

Florida 

Georgia 

Maryland 

North  Carolina 

South  Carolina 

Virginia 

West  Virginia 


NORTHCENTRAL  REGION 
Illinois 
Indiana 
Iowa 
Manitoba 
Michigan 
Minnesota 
Nebraska 
North  Dakota 
Ohio 

Ontario  (Western) 

South  Dakota 
Wisconsin 

SOUTHCENTRAL  REGION 
Alabama 
Arkansas 
Kansas 
Kentucky 
Louisiana 
Mississippi 
Missouri 
Oklahoma 
Tennessee 
Texas 


NORTHWESl  REGION 
Alaska 
Alberta 

British  Columbia 

Idaho 

Montana 

Oregon 

Saskatchewan 

Washington 


SOUTHWEST  REGION 
Arixona 
California 
Colorado 
Hawaii 
Nevada 
New  Mexico 
Utah 

Wyoming 


MEMBERS  — OUTSIDE  UNITED  STATES  AND  CANADA 


Argentina 

Holland 

Panama 

Australia 

Honduras 

Peru 

Belgium 

India 

Philippine  Islands 

Brazil 

Israel 

Siam 

Chile 

Italy 

.South  Africa 

Denmark 

Malaya 

Sudan 

England 

Mexico 

Sweden 

Finland 

New  Zealand 

Switzerland 

France 

Germany 

Norway 

Tasmania 
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at  lower  costs!  Testimony  to  its  high  quality 
is  the  fact  that  millions  of  pounds  are  used 
annually,  for  both  exterior  and  interior  ply¬ 
wood  production.  P-398  meets  Government 
specifications,  can  be  used  with  either  hard 
or  soft  woods,  and  is  Douglas  Fir  Plywood 
Association  approved.  For  further  information 
and  a  working  sample  write  direct  to  the 
Sales  Department  in  either  Seattle  or  Detroit. 


RCI's  plant  in  Seattle,  Washington  is  the 
world's  largest  devoted  to  the  production  of 
plywood  glues.  Here  you  will  find  modern,  up- 
to-the-minute  production  facilities  and  testing 
methods  that  have  made  RCI  products  stand¬ 
ards  for  quality  throughout  the  entire  ply¬ 
wood  industry.  And  here  is  the  home  of  P-398 
Pfyophen,  the  liquid,  water-soluble,  resin 
which  makes  possible  better  plywood  bonding 


REICHHOLD  CHEMICALS,  INC.  H 


General  Offices  and  Main  Plant,  Detroit  20,  Michigan 


Other  Plants:  Brooklirn,  New  York  •  Elisabeth,  New  Jersey  •  South  San  Francisco,  Caliiornia  •  Tuscaloosa,  Alabama 
Seattle,  Washington  •  Liverpool,  England  •  Paris,  France  •  Sydney,  Australia  •  Sassenheim,  Holland 
Milan,  Italy  •  Buenos  Aires,  Argentina  •  Hamburg,  Germany  •  Toronto,  Canada  •  East  London,  South  Africa 
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Geographical  Membership  Directory 

Numerals  indicate  serial  numbers  of  membership  cards;  letters  indicate  grades:  v — voting;  a — associate;  s — supporting; 
as — student,  t — indicates  charter  member.  Numeral  in  parentheses  tollowing  street  address  is  zone  number. 


NORTHEAST  REGION 


CONNECTICUT 


Berlin 

tShepard,  Wm.  C.,  R. 


F.  D. 


243v 


Harris.  Arthur  B.  Jr.,  Development  Section,  Snyder 
Chemical  Coro.  2103v 

Snyder,  Francis  H.,  Pres.,  Snyder  Chemical  Corp.  1013v 
SprwacK,  Lazaru^  Mgr.,  Technical  Service  &  Develop¬ 
ment,  Snyder  Chemical  Corp.  1014v 


Thomaston 

Koonz,  M.  V.,  Development  Technician,  Seth  Thomas 
Clocks,  So.  Main  St.  1333v 

Torrington 

Porter,  George  I.,  Salesman,  Union  Hardware  Co., 
Migeon  Avenue  2339v 


West  Haven 

JoKensen,  Richard  N.,  Student, 
Forestry,  583  Washington  Ave. 


Yale  School  ot 
2097as 


Bristol 

Carlson,  Carl  L.,  Supt.,  Woodworking  Dept..  101 


Mercier  Ave.  2272v 

Fastford 

Tatem,  Stewart  M.,  Secretary,  Tatem  Mfg.  Co.  1886v 

Hartford 

Drakos,  John  B.,  VIC  L.  F.  Dettenborn  Woodworking 
Co.,  307  Sheldon  St.  (5)  1343a 

Ricketson,  Gerald  B.,  Pres.-Treas.,  The  Hartford 
Builders  iFinish  Co.,  34  Potter  Street  I4llv 

tThompson,  Cedric  G.,  Treas.,  C.  H.  Dresser  &  Son. 

Inc.,  287  Sheldon  St.  (5)  799v 

Troop,  B.  S.,  Student,  36  Forest  St.  (5)  126las 

Viens,  Henry  J.,  Indu'trial  Engr..  Wake  B  Hough 
&  Associates,  277  Wetherfield  Ave.  (6)  2538v 


Ivoryton 

Gould,  James  A.,  Pres.,  Pratt,  Read  &  Co..  Inc.  2358v 
Littlefield,  Philip  C.,  Ind.  Eng.,  Pratt  Read  &  Co.,  Inc. 

2497V 

Oliver,  Ernest  L.,  Dry  Kiln  Engineer,  Pratt,  Read  and 
Co.,  Inc.,  Box  393  2139v 

Meriden 

Fitzgibbons,  Thomas  M.,  Packaging  Eng.,  The  Miller 
Co.,  99  Center  St.  I870v 

N«w  Harcn 

Anderson,  R.  C.,  (Yale  University)  -1076  Forest  Road 

2751as 

Cranch,  Richard  C.,  Foreman  of  Res.  in  Yale  Sch. 

of  Forestry  Tropical- Wood.  205  Prospect  St.  2494v 
IDickinson,  Fred  E.,  Asst.  Prof,  of  Yale  School  of 
Forestry-Lumbering.  205  Prospect  St.  553v 

Fallon,  Thomas  F.,  Winchester  Repeating  Arms  Co., 
P.  O.  Drawer  906  (4)  915v 

tGarratt,  George  A.,  Dean,  School  of  Forestry,  Yale 
University  (11)  4v 

Hess,  Robert  W.,  Assoc.  Prof,  of  Forest  Prod. — Ya'e 
U.,  205  Prospect  St.  (11)  180Cv 

tHicock,  Henry  W.,  Forester.  Conn.  Agric.  Exper.  Sta., 
Box  1106  270v 

Hill,  John  L.,  Student,  Yale  University  (11)  1708as 

Russell.  Myles  D.,  Forestry  School,  Yale  University. 

205  Prospect  Street  2448as 

Shim,  Chong  Supp.  76  Mansfield  St.  2409as 

Smith,  J.  H.  G.,  Student,  Yale  School  of  Forestry 

1807as 

Swamy.  S.  Krishna.  Student.  Yale  School  of  Forestry. 

205  Prospect  St.  (11)  2134a-, 

tWangaard,  Frederick  F.,  Prof.,  Yale  School  of  Forestry. 
205  Prospect  St.  848v 

Watkins,  J.  R.,  Civil  Engr.,  Watkins  Patents,  Inc.. 

P.  O.  Box  1341  2089V 

Norfolk 

Childs,  Edward  C.,  Private  Forester  2003a 

No.  Haven 

Etzel,  Edward  F.,  157  Washington  Ave.  1129v 

South  Norwalk 

tGreen.  Frederick  W.,  Mgr.,  Industrial  Equip.  Sales, 
Nash  Engrng.  Co.  28(v 

Spring^e 

Corti,  Marc  A.,  Marcoloy,  Inc.  1012v 

Southport 

Clements,  MacMillan,  Clements  Associates.  Box  486 

I432v 

Storrs 

Wyman,  Edgar  P.,  University  of  Connecticut.  Forestry 
&  Wildlife  Dept.  281 2v 


MAINE 


Bangor 

Clement,  Philip  P.,  Treas.,  Prentiss  &  Carlisle  Co., 
Inc.,  107  Court  St.  1335v 

Hussey,  Frederick  K.  Jr.,  R.  F.  D.  #7  2697as 

Bethel 

Chadbourne,  Philip  H.,  Pres.,  P.  H.  Chadbourne  & 
Co.  2126v 


Bingham 

Matheson,  Paul,  Mgr.,  Kennebec,  Inc.  2128v 

Bryant'Pond 

Mills,  Milton  E.,  Lumberman  2632v 

Wheeler,  George  E.,  Foreman,  Finishing  Enamel  Shop. 
Stowell  Silk  Spool  Co.,  P.  O.  Box  142  l659v 

Farminmon 

Mitchell,  Ray  W.,  Sales  Mgr.,  Maine  Skewer  &  Dowel 
Corp.,  84  N.  Main  St.  Il60v 

Pierce,  Donald  F.,  Superintendent,  Maine  Skewer  & 
Dowel  Corp.,  84  N.  Main  St.  1159v 

Gardiner 

Pierce,  R.  M.,  14  Pleasant  St.  1269v 


Greenville  Junction 

Ludw'ig,  Robert  S.,  Atlas  Plywood  Corp.,  Box  22 

1959v 

Lisbon  Falls 

Hale,  Richard  A.  II,  219  Main  St.  240a 

Norway 

Wilner,  Burton  L.,  Gen.  Mgr.,  Wilner  Wood  Products 
Co.  2297V 


Orono 

Ashman,  Robert  1.,  Prof,  of  Forestry,  University  of 
Maine,  26  Winslow  Hall  1781  v 

tBaker,  Gregory,  Asst.  Prof,  of  Forestry,  Univ.  of 
Maine  96v 

tBeyer,  Frank,  Dept,  of  Forestry,  Univ.  of  Maine  lOOv 

Burgess,  Richard  F.,  Grad.  Asst.,  University  of  Maine. 
38  College  Ave.  2486v 

Portland 

Grant,  John  H.  Jr.,  Field  Mgr.  &  Prod.,  Burritt  Lum¬ 
ber  Sales  Co.,  Inc.  Eng.,  89  Prospect  St.  1896v 

Stratton 

Frary,  G.  H.  Jr.,  President,  The  Stratton  Company 

1722a 

Thomaston 

Mitchell,  James  M.,  Cabinet  Maker,  Maine  State  Prison. 
Box  A  2245V 


Waterville 

tParsons,  John  L.,  Research  Director,  Hollingsworth  & 
Whitney  Co.  182v 


MASSACHUSETl  S 


Amherst 

Rich,  Harry  J.,  French  Hall,  Univ.  of  Mass.  374v 
Belmont 

tKuehn,  George  W.,  14  Prentice  Lane  794v 

tEsselen,  Gustavus  J.,  F.sselen  Research  Corp.,  857 
Boylston  St.  (16)  70v 

Boston 

Charak,  E.  Paul  Jr.,  Asst,  to  Pres..  Charak  Furniture 
Co.,  38  Wareham  St.  (18)  2691v 

Ferdinand.  Ralph  E.,  Pres.,  Joslin  Show  Case  &  Fixture 
Co.,  99  (Ihauney  St.  (11)  1168v 

Haynes,  William  V.,  Hatheway  &  Patterson  Co.,  Inc., 
100  S.  Bay  Ave.  (18)  1032v 

Hosmer,  W.  Arno'd.  Prof.  Business  Adm..  Harvard 


Grad.  Sch.  of  Business  Adm.,  Soldiers  Field  (65) 

1929v 
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THE 


Me4APma4^  S-^ 


Our  policy  is  to  make  PERMA- 
WOOD  panels  in  standard  sizes, 
in  all  veneer  construction  from 
3/20"  to  1-1/16"  thick,  and  in  lum¬ 
ber  core  construction  in  %"  and 
13/16"  thickness.  Widths  manu¬ 
factured  are  from  30"  to  48";  and 
lengths  from  36"  to  96". 


Write  for  free,  illustrated  bro¬ 
chure,  "Through  Darlington  Ve¬ 
neer”.  We  welcome  inquiries  for 
price  lists. 


Here’s  the  practical,  efficient  equipment  for  fast, 
economical  production  of  plywood  as  well  as  for 
making  board  from  wood  fibre  and  wood  waste. 
Solid  one  piece  steel  frames  insure  permanent 
alignment  and  even  pressure.  Available  in  a  wide 
range  of  sizes  from  one  to  twenty  openings. 


Eitebliihed  1918 

Darlington,  South  Carolina 


PLYCOR 

HyORAULIC 

LUMBER 

PRESS 


This  unit  has  no  equal  for  high  speed,  low  cost 
production  of  finest  quality  glued-up  panels  and 
core  stock  ...  a  fact  proved  by  installations  in 
leading  woodworking  plants.  Let  us  show  you, 
how  you,  too,  can  save  money  and  improve  quality. 


ELECTROGLUER 


hot  b**n  •ipacially  dasigntd  for  all-purpes*  work  in 
tmoll  and  madium  sitad  mill>  and  faclorias.  It  piano 
VI  inches  wid*  and  8  incho  thick,  joints  4  inches  thick 
and  will  match  14  inches  wide.  Frame  is  heavy  and  rigid. 
Four  6"  diameter  feed  rolls  driven  by  heavy  chains 
and  machine  cut  sprockets  give  speeds  of 
30,  SO  and  75  feet  per  minute.  Combi- 
nation  heads  aro  standard  oguip-  ^ » 
ment  on  the  NEWMAN  8-8.  \  1 


Embodying  the  latest  developmenb  in  high  fre¬ 
quency  edge-gluing,  this  unit  insures  finest  quality 
at  high  speed  and  Tow  cost.  Fully  automatic  witr 
conveyorized  glue  spreader. 

Write  for  iull  deUils 


Division  ol 

EARLE  HART  WOODWORKING  MACHINE  CO. 
565  W.  WeAbigton  Blvd.,  Chicago,  III.  RAndolph  6-4970 
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MASSACHUSETTS— Continued 

Muller,  Robert  A.,  V.  P.,  Atlas  Plywood  Corporation, 
1432  Statler  Bldg.  1857v 

Porter,  O.  Stanley,  Director  of  Res.  United  Last  Co.. 

140  Federal  Street  (7)  2175v 

Shepard,  Harold  B.,  Forest  Economist,  Federal  Re¬ 
serve  Bank  of  Boston,  30  Pearl  St.  (6)  1536a 

Swanson,  S.  E.,  Wood-Turners  Service  Bureau  (16) 

2215V 

White,  J.  Wadsworth,  Owner,  White  Manufacturing 
Co.,  Box  2,  Hyde  Park  36  ll62v 

Whittier,  Carl  S.,  Secy.,  Last  Manufacturers’  Assn., 
Room  805,  80  Federal  St.  (10)  2118v 

Cambridge 

Zottu,  Paul  D.,  Pres.,  Electronic  Heating  Corp.,  85 
Commercial  Ave.  (42)  2399v 

Baxter,  David  W.,  United-Carr  Fastener  Corp.,  31 
Ames  Street  (42)  2222v 

tDietz,  Albert  G.  H.,  Assoc.  Prof.,  Dept,  of  Bldg. 
Engrng  &  Constr.,  77  Massachusetts  Ave.,  Mass. 
Instit.  Technolog^r  (39)  172v 

Perry,  Frederick,  Chem.  Engineer,  Arthur  D.  Little. 
Inc.,  30  Memorial  Drive  (42)  970v 

tVoss,  Walter,  Dept.  Bldg.  Eng.  &  Constr.,  Room  7- 
221,  M.  1.  T.,  77  Mass.  Ave.  788v 

Chelmsford 

Hunt,  Stuart  S.,  177  North  Road  2013v 

Chicopee 

Roy,  Edmund  A.,  Pres.,  J.  G.  Roy  Lumber  Co.,  861 
Meadow  St.  2455v 

Spalding,  A.  G.  &  Bros.,  Inc.,  (James  N.  Tynan. 

Chief  Wood  Technician)  1205s 

Tynan,  James  N.,  A.  G.  Spaulding  &  Bros.,  Inc. 

120^s 


Cohasset 

Hagerty,  Francis  W.,  President,  Hagerty  Co.  1681v 


Duxbury 

tRichards.  A.  P.,  Consulting  Biologist,  Wm.  F.  Clapp 
Labs.,  Washington  St.  473v 

East  Boston 

tHuckins,  Stuart,  Engr.,  Geo.  McQuesten  Co.,  Inc., 
422  Border  St.  71v 

tPerkins,  Ross  N.,  Sales  Mgr.,  Lbr.  Industry,  The  Fox- 
boro  Co.,  Neponset  Ave.  400a 

Gardner 

Greenwood.  R.  N.,  Heywood-Wakefield  Co.  1204s 
Heywood-Wakefield  Co.,  (Richard  N.  Greenwood. 

Pres.)  206  Central  St.  -  1204s 

McKnight,  F.  L.,  Treasurer,  McKnight  Machinery  Co.. 
354  Main  St.  1892v 

•  Nichols,  Carlton  E.,  VP,  Nichols  &  Stone  Co.,  82 
Logan  St.  1763v 

Parrish,  Frank  T.,  Heywood-Wakefield  Co.,  Central 
St.  lOlOv 

Rahaim.  Peter  A.,  Pres.,  Gardner  Dowell  Co.,  Inc., 
379  Pine  St.  1790V 


Greenfield 

Fiske,  Leon  M.,  Jr.,  158  Main  St.  1693v 

Tufts,  Nathan,  Vice  Pres.  &  Gen.  Mgr.,  New  England 
Box  Co.,  173  Main  St.  2104v 


Holyoke 

Carlson,  George  W.,  Treas.,  C.  F.  Church  Mfg.  Co 

2100  V 


Hyde  Park 

Labelle,  Maurice  N.,  55  Farrar  Ave.  2429v 

Leslie,  Howard  C.,  Pres.,  BRE  Sanitary  Seat  Corp.. 
53  Walter  St.  1137v 

Lawrence 

Goldman,  Paul  R.,  Mgr,,  Plymold  Corp.,  P.  O.  Box 
591  2856v 

MacAdam,  W.  C..  Ass’t.  Purchasing  Agent,  Cham¬ 
pion-International  Co.,  38  Prospect  St.  2332v 

Rhodes,  Harold  T.,  Dry  Kiln  Engineer,  J.  W.  Bolton 
&  Sons,  Inc.,  9  Osgood  St.  2269v 

Schubert,  B.  L.,  Jr..  Lbr.  Buyer,  Fred  W.  Meats  Heel 
Co.,  Inc.,  2  So.  Broadway  2326v 

Leominster 

Newell.  Collins  B.,  Engr.,  Simonds  Saw  &  Steel  Co., 
213  Washington  St.  1944v 

Lexington 

Dick,  Daniel  E.,  1963  Manchester  Ave.  I266v 

Lowell 

O’Day,  Thomas  W.,  Supt.,  W.  H.  Bagsh.iw  Co.,  128 
Warren  St.  2042v 


Melrose 

Buss,  Frank  J.,  2''9  W.  Wyoming  Avenue  (76)  1093v 
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Pittsfield 

Morin,  Walter  R.,  33  Brown  St.  2669as 

Quincy 

tRichmond.  Ernest  D.,  Jr.,  V.  P.  &  Treas.,  Quincy 
Adams  Yacht  Yard,  Inc.,  47  Palmer  St.  235v 

Sharon 

Lutz,  Russell  J.,  Farm  Mgr.,  Moose  Hill  Farm,  652 
S.  Main  St.  1971v 

Springfield 

tDecker,  E.  Everett,  Sales  Manager,  Monsanto  Chem. 
Co.,  Plastics  Division  (2)  731v 

Hill,  Robert  F.,  Mgr.,  Technical  Service,  Monsanto 
Chemical  Company,  Plastics  Div. — Monsanto  Ave. 

1723V 

South  Walpole 

Woodworth,  E.  S.,  Purchasing  Agent,  The  Diamond 
Match  Co.  1848a 

Springfield 

Gurvitch,  Joseph  E.,  E.  Gurvitch  Lum.  Co.  Inc.,  37 
Ft.  Pleasant  Ave.  806v 

Wakefield 

Guillow,  Paul  K.,  New  Salem  St.  2138v 

McLean,  George,  Plast.  Dev.  Eng.,  Parkwood  Corp.rra- 
tion,  24  Water  Street  2085v 

Walpole 

McSwain,  George  A.,  Student,  Yale  University,  Sybil 
St.  1692as 

West  Towsend 

McTigue,  William  £.,  Willard  Brook  Forest  2670as 

Weston 

Batey,  Thomas  E.,  Jr.,  40  Silver  Hill  Rd.  (93)  1274v 

McGillivray,  John  O.,  Sales  Eng.,  General  Box  Co., 
74  Loring  Road  1940v 

Williamstown 

Whipple,  Parker  C.,  Logging  Supt.,  Northeast  Wood 
Products,  Inc.,  277  West  Main  Street  2522v 

Winchendon 

Brown,  Kenneth  O.,  Sales  Mgr.  &  Asst.,  Baxter  D. 
Whitney  &  Sons,  Inc.,  Elm  Street  2254v 

May,  Elliot  D.,  Chief  Engr.,  Baxter  D.  Whitney  & 
Son,  Inc.  1520V 

Worcester 

Hillman,  Victor  E.,  Dir.  of  Research,  Crompton  & 

Knowles  Loom  Works,  93  Grand  St.  2449v 


NEW  HAMPSHIRE 
Beebe  Rivet 

Draper  Corporation  (W.  C.  Lewison,  Res.  Mgr.)  1213s 

Lewison,  W.  C.,  Draper  Corporation  1213s 

Berlin 

Churchill,  P.  W.,  Woods  Dept.,  Brown  Co.  2542v 

Woodward,  Howard  T.,  Consulting  Forester,  234  Main 
St.  2304v 

Chesham 

House,  William  P.,  Owner,  Lumber  Business  1945v 
Durham 

Davis,  John  D.  Sr.,  P.  O.  Box  508  2667as 

tSeeley,  Lauren  E.,  Dean,  College  of  Tech.  Engr.  Exp. 

Sta.,  Univ.  of  N.  H.  37v 

tSwain,  Lewis  S.,  Assoc.  Prof.  Forestry,  Univ.  of  N. 
Hampshire  81 5v 

Keene 

Wright,  Nelson  E.,  Pres.,  Newdite  Fibre  Corp.,  75 
Russell  St.  2437v 

Laconia 

Buell,  Deems  L.,  V.  P.,  Allen-Rogers  Corp.,  54  Water 
St.  2281V 

Manchester 

tGraham,  Paul  H.,  Woodworking  Consultant,  Box  145 

242v 

Grass,  Hugo  L.,  Asst.  Supt.,  Hermsdorf  Fixture  Mfg. 
Co.,  Inc.,  Franklin  St.  251v 

Phinney,  H.  K.,  Sales  Engineer,  Bakelite  Corporation. 
34  North  Adams  St.  1727v 

Plumpton,  David  C.,  Assistant  Supt.,  Fellows  &  Son. 
Inc.,  Box  119  1717V 

No.  Conway 

Damon,  Herbert  S.,  Treas.  &  Owner,  Carroll  County 
Service  Co.,  Inc.  20983 

Rochester 

Champlin.  William  H.,  William  M.  Cliamplin  Co.. 
P.  O.  Box  1712  2323' 

Westmorland,  Depot 

Cantliffe,  Jr.,  Lawrence  R.  2608as 

Winchester 

Whippie,  Theodore  G..  R.  F.  D.  {2  2668as 
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It’s  better  than  boiling  ’em 


The  trouble  with  boiling  a  glued  joint 
to  test  its  durability  was . . . 

. . .  the  heat  often  set  the  glue!  And  when 
the  specimen  was  finally  sheared,  we 
didn’t  know  whether  the  boiling  had  con¬ 
tributed  to  the  strength  or  not. 

That’s  why  we  use  the  torture  chamber 
shown  above  at  our  Research  Laboratory. 
It  tests  the  specimens  without  heat. 
Here’s  what  it  does; 

1.  — Subjects  the  glued  blocks  to  a  28  in. 
vacuum. 

2.— Saturates  every  cell  of  the  specimen 
with  water  under  75  lbs.  pressure. 

3.— Creates  more  vacuum,  followed  by 
water  pressure,  washing  out  any  uncured 
resin. 

4.— Soaks  the  specimen  for  16  hours,  and 
drys  it  for  6  days. 

This  cycle  is  repeated  again  and  again 
...  for  21  days,  setting  up  tremendous 


stresses  in  the  wood  .  .  .  strain  at  the 
joints.  And  without  the  benefit  of  heat 
to  help  them  cure. 

To  meet  today’s  durability  standards, 
the  glue  lines  must  hold. 

If  it  were  needed,  here’s  additional 
proof  that  modem  glues  add  strength  to 
wood,  make  it  useful  for  new,  important 
jobs  as  a  structural  material. 


If  you’ve  been  wondering  how  wood 
could  be  fashioned  to  do  a  certain  struc¬ 
tural  job,  give  us  a  chance  to  pitch  in  a 
few  ideas  on  the  subject.  We’ve  been 
working  with  it  a  long  time. 

Write  Technical  Service  Dept.,  The 
Borden  Company,  Chemical  Division, 
Dept.  PRS-90,  350  Madison  Ave.,  New 
York  17,  N.  Y. 


CHEMICAL  DIVISION 


CASCO  •  CASCAMITE  •  CASCOPHEN 

CotofM  ootf  Sywlfctlfe  ffgdii  Glvos 
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NEW  JERSEY 
Asbury  Park 

Waiters,  Charles  L.,  Secy-Treas.,  Monmouth  Cabinet 
Works,  Inc.,  907  Bangs  Ave.  2119v 

Bloomfield 

Butler,  Allan  G.,  Tech.  Rep.,  Bakelite  Div.,  Union 
Carbide  &  Carbon  Corp.,  230  Grove  St.  2608v 

Boonton 

Delmhorst,  William  J.,  Pres.,  Delmhorst  Instrument 

Co.,  115  Cornelia  St.  1518v 

Camden 

tMoxley,  Geo.  F.,  Pres.,  The  West  Jersey  Paper  Mfg. 
Co.,  Front  &  Elm  St.  238v 

Vieser,  Carl  iF.,  F.  A.  Vieser  &  Son,  Inc.,  1230  Kaighn 
Ave.  1138V 

Chatham, 

Perry,  Henry  J.,  Consulting  Engineer,  12  N.  Hillside 
Ave.  1434v 

Cranford 

Skaarup,  Allen  F.,  107  Oak  Lane  2699as 

Eaar  Oranae 

Katz,  Henry  B.,  Pres.,  Lincoln  Wood  Products  Corp., 
13-19  Hollywood  Plaza  2371v 

Edgewater 

Anderton,  Benjamin  A.,  Research  Lab.,  The  Barreti 
Div.,  Allied  Chem.  &  Dye  Corp.  942v 

Elizabeth 

fMartin,  W.  Linus,  Pres.,  Martin-Dickson,  Inc.,  13- 
85  S.  Front  St.  (2)  435v 

fMinich,  Arthur,  Vice  Pres.,  Nuodex  Products  Co.,  Inc. 

335v 

Rice,  W.  W..  26  Palisade  Rd.  1689v 

Watson,  A.  Warren,  624  Newark  Ave.  (3)  24l5as 

Fords, 

Malashevitz,  A.  J.,  Chief  Chemist,  Catalin  Corp.  ot 
America  2442v 

Hackensack 

Snyder,  Lloyd  I.,  Engineer,  Southern  Furniture  Mfg. 
Co.,  210  Main  St.  I431v 

Hackettstown 

Dunn,  T.  J.,  Jr.,  Pres.,  Howard  H.  Samuel,  Inc., 
200  Valentine  St.  2401v 

Hoboken 

Sakosits,  Joseph  J.,  Sec.  &  Gen.  Mgr.,  Hoboken  Wood 
Flooring  Corp.,  335  Observer  Highway  2375v 

Jersey  Ci^v 

tGary,  Prem,  V-Pres.  &  Gen.  Mgr.,  International  Balsa 
Corp.,  96-100  Boyd  Ave.  (4)  750v 

Power,  Richard  J.,  Proprietor,  Burma  Rd.  Lumber  Co., 
P.  O.  Box  39,  Bergen  Sta.  2657v 

Nichols,  Charles  R.,  Jr.,  Joseph  Dixon  Crucible  Co., 
167  Wayne  St.  (2)  1227v 

Madison 

Henry,  Charles  S.,  19  Rosemont  Ave.  1311v 

Manvilte 

tBrown,  G.  Basil,  Manager,  Paper,  Pipe  &  Board 
Research,  Johns  Manville  Research  Lab.  255v 

Moorestown 

tPerry,  Thomas  D.,  Engineer  in  Wood  Work,  301  E. 
Main  St.  682v 

Murray  Hill 

tColley,  Reginald  H.,  Timber  Products  Engr.,  Bell  Tel. 

Labs.,  Inc.  60v 

tLumsden,  George  Q..  Engineer.  Bell  Tel.  Labs.,  Inc. 

504v 

Newark 

tForbes,  F.  Powell.  Mgr.,  Engr.  &  Fabr.  Div.,  Weyer¬ 
haeuser  Timber  Co.,  P.  O.  Box  629  (72)  72v 

tKlinkenstein.  G.,  Pres.,  Maas  &  Waldstein  Co.,  438 
Riverside  Drive  (4)  875v 

Long.  Allen  V.,  Weyerhaeuser  Timber  Co.,  P.  O.  Box 
629  (1)  2088V 

Radburn 

Haigh,  Arthur  H.,  jr.,  3  Ramapo  Terrace  2447\ 

Rahway 

Pellinger,  James  J.,  Landscape  Contract,  W.  H.  Richie 
Landscape  Contractors,  668  Linden  Avenue  2310a 
Raritan 

tRapp,  CJeorge  M..  Asst.  Exec.  Director,  John  B. 
^erce  Foundation  836v 

Ridgefield 

Keller,  Ralph,  Gen.  Mgr.,  W.  &  J.  Sloane,  734  Grand 
Ave.  244  3v 

Ridgefield  Park 

Huber,  Albert,  Jersey  Lumber  Kilns,  Inc.,  Industrial 
Avenue  2724a 


t^ilkins,  W.  Burdette,  Consulting  Engr.,  245  E.  Ridge¬ 
wood  Ave.  136v 

tWillard,  Rudolph,  Consulting  Engr.,  Production  De¬ 
velopment  Laboratories,  238  E.  Ridgewood  Ave. 

306v 

Riverton 

Bergey,  Elmer  E.,  Chemist,  National  Casein  Co., 
Broad  and  Fulton  Streets  2168v 

Colby,  H.  C.,  Jr.,  600  Elm  Terrace  1836v 

Rockaway 

tStivers,  Earl  R.,  Director  of  Research,  Package  Re¬ 
search  Lab.  304v 

Roselle 

Batke,  Leonard  A.,  Apt.  12,  120  W.  Second  Ave. 

1589as 

Short  Hills 

Lowy,  Sydney  (North  American  Plywood  Corp.)  2576v 

Trenton 

Becher,  Hugert  L.,  Chief  Chemist,  Homasote  Company, 
103  Woodside  Ave.  (8)  2236v 

Files,  Maynard  W.  (Major),  1st  Army  Org.  Res.,  1 

Johnston  Ave.  1584v 

Union 

Reisen,  Clarence,  Vice-Pres.,  Reisen  Lumber  &  Mill- 
work  Co.,  1070  Morris  Ave.  1991  v 

Washington 

Schneider,  Louis,  Pres.,  Washington  Woodcraft  Corp., 
Willow  St.  2381V 

NEW  YORK 
Albertson,  L.  1. 

Sperry,  Stanley  S.,  Representative,  J.  C.  Turner  Lum¬ 
ber  Company,  64  Amherst  Road  1877v 

Albion 

Snell,  Peter  W.,  Stromberg-Carlson  Co.,  101  L  n- 
wood  Ave.  2769V 

Bainbridge 

MacLagen,  C.  F.,  In  Charge,  Wood  Gluing  Laboratory, 
The  Borden  Co.,  Chemical  Div.  1548v 

Binghamton 

Booth,  C.  Curtis,  1222  Dorothy  St.,  R.  D.  |3  588v 

Shafer,  Elmer  G.,  Kroehler  Manufacturing  Co.,  89  Oak 
Street  2623v 

Boonville 

Buchard,  Donald  C.,  109  Aubrey  St.  1734v 

Bronxville 

Richmond,  H.  T.  A.,  Exe.  Salesman,  Custum-Madc 
Paper  Bag  Co.,  Inc.,  17  Oriole  Ave.  (8)  2027a 

Brooklyn 

tAries,  Robert  S.,  Dir..  Northeastern  Wood  Utilization 
Council,  26  Court  St.  33v 

Gale,  Ronald,  Student,  Yale  University,  671  Mason 
St.  (33)  1576as 

tGretsch,  Fred,  Jr.,  The  Fred  Gretsch  Mfg.  Co.,  60 
Broadway  855v 

Haber,  Harvey,  Student,  New  York  State  College  of 
Forestry,  414  Van  Sicklin  Ave.  1363as 

fHilfinger,  George  N.,  General  Box  Co.,  151  Kent  Ave. 

428v 

Kaplan,  Sol  R.,  Pres.,  Anchor  Lumber  Corp.,  874  5th 
Ave.  (32)  1298v 

Kuoppa-Maki.  Kauko,  Mechanical  Engineer,  1878  W. 

Fourth  St.  (23)  l447v 

Lobert  Alexander,  1215  Prospect  Place  (13)  ll45v 

Morrison,  Harry.  Plant  Engineer,  Jefferson-Travis. 

Inc.,  32  Ross  Street  (11)  2739 

Schlener,  William,  Chief  Chemist,  Eberhard  Faber  Pen¬ 
cil  Co.,  37  Greenpoint  Ave.  (22)  1591v 

Seidel,  Herbert,  Wholesaler,  Reisen  Lumber  &  Mil'- 
work  Co.,  537.  Centra!  Ave.  1493v 

Tinker,  Arthur  A.,  Pres..  Cross.  Austin  it  Ireland 
Lumber  Co..  1246  Grand  St.  (6)  1919'' 

Veith,  James  A..  New’  York  State  College  of  Forestry. 

172  Cleveland  St.  (8)  2664v 

Velepec,  Fred  M.,  Proprietor,  Fred  M.  Velepec  Co.. 
71— 1164th  St.  (27)  1585v 

Buchanan 

Hanaburgh,  David  H.,  Consulting  Forester  1785v 

Buffalo 

Batson,  Jack  E.  D.,  Production  Mgr.,  Kittinger  Co., 
1893  Elmwood  Ave.  I676v 

Bray,  Joseph  M.,  Dir.-Mining  Division,  Osmose  Wood 
Preserving  Co.  of  America,  Inc..  1437  Bailey  Ave. 
(12)  1901V 

Davis,  Henry  S.,  Mill  Supt.,  Barcalo  Mfg.  Co.,  Chand¬ 
ler  Div.,  166  Chandler  St.  (7)  24l7v 
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A  Symbol  of  Quality  for 

•  Hardwood  Floorings 
'•  Hardwoods 

•  Pine 

•  Lumber  Products 

•  Floor  Finish  and 
Maintenance  Products 

•  Termite  Control 

E.  L  BRUCE  CO. 

MEMPHIS,  TENN. 

^'World's  Largest  Maker  of 
Hardwood  Floorings” 


K  •  protein  or  SYNTHETIC  adhesi.es;  PHENOUC,  1 

For  the  best  to  PROTEl  RESINS ...  and  SEALERS. 

precipitating  or  manufacture;  and  SPECIAL 

UREA  RESINS  for  wet-strength  paper  m 
resins  for  complete  uttliaatton  of  forest  p 

New  Westminster,  B.C. 
Seattle  4,  Washington  Keary  Street 

3400  13th  Ave.  S.  W. 


BELSAW  COMPLETE 
CIRCULAR  SAW  SHOP 


does  every  job  on  all 
or  ana  lyewi  expertly  at  low  cost! 

A  single,  compact  POWER  TOOL  for 
Jointing,  Gumming,  and  Setting  all  cir¬ 
cular  saw  blades  from  4-  to  48-in.  diameter 
with  ^2-  to  2-in.  center  hole.  Reduces  saw 
maintenance  cost,  saves  time  and  labor. 
Saw-set  feature  alone  keeps  this  machine 
busy.  Gives  any  desired  set  on  points  of 
teeth,  eliminating  all  GUESS-WORK.  Send 
for  FREE  illustrated  catalog. 


BELSAW  MACHINERY  CO 

3301  Field  Bldg.  Kansas  Gty  2,  Mo. 
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Douglas,  Mantred  I.,  60  Lilac  St.  (20)  136)as 

Ellis,  D.  E.,  Technical  Dir.,  Pierce  &  Stevens,  Inc., 
7X0  Ohio  St.  (3)  .  2626v 

Fahlstrom,  George  B.,  Osmose  Wood  Preserving  Co., 
1437  Bailey  Ave.  (12) 

Jacobs,  Lee  S.,  130  W.  Chippewa  St.,  Jackson  Bldg. 

(2)  1425v 

Jones,  H.  Morton,  Vice-Pres.  &  Treas.,  The  R.  T. 
Jones  Lumber  Co.,  Inc.,  1807  Elmwood  Ave.  (9) 

l654v 

Thweatt,  H.  D.,  Mgr.,  Sales  Engrg.,  Lake  Erie  En 
gineering  Corp.,  Kenmore  Station  P.  O.  231 2v 

Caldwell,  David  H.,  Instr.  in  Wood  Tech.,  New  York 
State  College  of  Forestry,  217  W.  Hickory  St.  2349v 
Cattaraugus 

Wooden,  Kenneth,  Setter  Bros.,  Inc.  ■  878v 

Cook  Falls 

Treyz,  G.  Victor,  Owner  Mgr.,  George  I.  Treyz  Co. 

1307  V 

Cooperstown 

tViolette,  J.  Leith,  Manager,  Otsego  For.  Prod.  Coop. 
Assn.  48v 

Cortland 

Hauck,  George  T.,  Jr.,  Student,  N.  Y.  State  College 
of  Forestry,  R.  D.  2  1996as 

Deferiet 

Recknagel.  A.  B..  Tech.  Dir.  of  Forestry,  St.  Regis 
Paper  Co.  703v 

Ellicottville 

Hamilton,  James  F.,  Mgr.,  Laminating  Operations,  M. 
Murphy  &  Son,  Inc.  7v 

Gowanda 

Gill,  R.  C.,  Peter  Cooper  Glue  Co.  2402as 

Hamilton 

Liams,  Thomas  M.,  Librarian,  Colgate  University  Li¬ 
brary  2020a 

Herkimer 

Treskow,  Robert  E.,  Plant  Mgr.,  Remington  Rand  Inc., 
801  Park  Ave.  2322v 

Faust 

Fee,  Creighton  C.,  42  Underwood  Rd.  2647as 

Fayetteville 

Timmerman,  Karl  G.,  Forest  Owner;  123  Chapel  St. 

1306v 

Dolgeville 

Juer,  Frederick,  Exec.,  McLaughlin-Millard,  Inc.,  59 
Van  Buren  St.  2396v 

Hoosick  Falls 

tEckweiler.  Geo.  A.,  Adv.  Mgr.,  The  Noble  &  Wood 
Mach.  Co.  (20)  455a 

Jamestown 

Crawford,  Clyne,  Crawford  Furniture  Manufacturing 
Corporation  2034s 

Crawford  Furniture  Mfg.  Corp.,  (Clyne  Crawford. 

Preside-'t).  957  Allen  Street  2034s 

Fichtel,  Willard  V.,  Yard  &  Kiln  Supvr.,  Union- 
National,  Inc.,  226  Crescent  St.  2038v 

Tillotson,  James  III,  Tillotson  Furniture  Corp.,  22 
Steele  St.  2198v 

Kew  Gardens 

Vail,  Edward,  Exe.,  N.  Y.  Woodworking  Corp.. 
119-40  Union  Turnpike  (15)  1956v 

Lake  George 

Beaudet,  Julian  F.  (Private  Research)  41  Mohican  St. 

1986v 

Little  Falls 

Lundstrom,  Carl  B.,  Lundstrom  Laboratories,  Inc.. 
Box  150  1188v 

Lockport 

Merritt,  E.  H.,  President,  Merritt-Monsanto  Corp., 
120  So.  Niagara  St.  1674A 

tUpson,  W.  H.,  Jr.,  Pres.,  The  Upson  Co.  327v 

Long  Island  Citv 

Cohen,  A.  J.,  Purchasing  Agent,  Forest  Box  and 
Lumber  Co.,  5856-3870  Vernon  Blvd.  1724V 

Long  Island  City 

tHilrich,  Max.,  Research  Chemist,  The  Marblette  Corp., 
3721  Thirtieth  St.  (1)  82v 

Farmingdale,  L.  I. 

Powell,  J.  Howard,  Pilotless  Planes  Div.,  Fairchild 
Engine  &  Airplane  Corp.  692v 

Long  Island  City 

Steinway,  Theodore  D.,  Steinway  &  Sons,  4502  Dit- 
mars  Ave.  (5)  1161v 


Bay  Shore,  L.  I. 

Waldman,  Clemens,  Secy-treas.,  Summers  Lumber  & 
Supply  Corp.,  70  N.  Clinton  Ave.  1259a 

Long  Island  City 

Kling,  John  r..  Student,  3004- — 17th  St.  (3)  2039as 

Lyon  Moimtain 

Graves,  G.  W.,  Supt.  of  Woodlands.  Republic  Steel 
Corp.  1296V 

New  Rochelle 

Bromiey,  W.  S.,  53  Faneuil  PI.  1022v 

Guest,  E.  H.,  Pres.,  New  Rochelle  Coal  &  Lumber 
Co..  22  Pelham  Rd.  2074v 

Webster,  Ora  S.,  Treasurer,  Plunkett  Webster  Lumber 
Co.,  Inc.,  271  North  Ave.  1859a 

New  York 

Abbett,  Robert  W.,  Partner,  Knappen  Tippetts  Abbett 
Eng.  Co..  62  W.  47th  St.  (19)  2298v 

American  Creosoting  Co.,  (C.  C.  Kuehn),  551  Fifth 
Ave.  (17)  1765s 

Anderson,  Nils,  Jr.,  VP,  The  Borden  Co.,  Chemical 
Division,  350  Madison  Ave.  (17  1535v 

Babcock.  Chester  L.,  Pres.,  Babcock  Machinery  Inc., 
1475  Broadway  (18)  931v 

Babcock,  Edward  L.,  Sec.,  Babcock  Machinery  Co., 
Inc.,  1475  Broadway  (18  1354v 

fBandekow,  Richard,  J.,  Tech.  Serv.  Rep.,  The  Borden 
Co.,  Chemical  Div.,  350  Madison  Ave.  303v 

The  Barrett  Division  (R.  L.  Cammann,  VP,  Allied 
Chemical  &  Dye  Co.,  40  Rector  St.  (6)  1338s 

tBissell,  D.  H.,  Treas.,  Chromium  Corp.  of  America, 
100  E.  42nd  St.  (17)  125a 

Bogert,  Col.  Marston  Taylor,  Apt.  jtl4  B,  1158  Fifth 
Ave.  (29)  907A 

Borden  Co.  Chemical  Div.,  (W.  F.  Leicester,  Pres.), 
350  Madison  Ave.  (17)  342s 

BrinckerhoS,  H.  E.,  Exec.  Sec. -Treas.,  American  Pulp- 
wood  Associaiton,  220  East  42nd  St;  (17)  2634a 

Broderick,  R.  E.,  Sec. -Treas.,  Northeastern  Lumber 
Mfrs.  Assn.,  Inc.,  271  Madison  Ave.  (16)  2127v 

Burgess,  Joseph,  309  E.  Tremont  Ave.  (57)  2513v 

Cammann.  R.  L.,  V.P.  Barrett  Division,  Allied  Chem¬ 
ical  &  Dye  Co.,  40  Rector  St.  (6)  1338s 

fChatin,  Alexander,  Pres.,  Overseas  Lumber  Co.,  52 
Vanderbilt  Ave.  (17)  •648v 

Cleycrden,  David  W.,  Chief  Cost  Acct.,  West  Vir¬ 
ginia  Pulp  &  Paper  Co.,  230  Park  Avenue  (17) 

2023V 

Cleworth,  C.  William,  Pres.,  Cleworth  Publishing  Co., 
Inc.,  551  Fifth  Ave.  (17)  2551v 

Cohen,  Arnold  J.,  233  W.  25th  Street  1691v 

tCook,  Thomas  M.,  Engr.,  Industrial  Dept.,  W.  R. 

Grace  &  Co.,  7  Hanover  Square  (5)  169v 

fCreighton,  Thomas  H.,  Editor,  Progressive  Architec¬ 
ture,  330  West  42nd  St.  (18)  633a 

Dayton,  Monteath  T..  Pres.,  J.  H.  Monteath  Co., 
2500  Park  Ave.  at  E.  135th  (51)  2352v 

American  Defibrator,  Inc.,  (Uno  Lowgren,  Pres.), 

405  Lexington  Ave.  (17)  ll49s 

Fagan,  Edward,  Superintendent,  James  Fagan  &  Son, 
204  W.  Houston  St.  (14)  l655v 

tFreeman,  A.  M.,  Dir.,  Tech  Service,  The  Borden  Co.. 

Chemical  Div.,  350  Madison  Ave.  (17)  345v 

Freeman,  J.  V.,  U.  S.  Steel  Corporation  of  Delaware. 

Room  1503,  71  Broadway  (6)  1322s 

tFriedlin,  Thomas  H.,  Timber  Engr.,  New  York  Central 
System,  466  Lexington  Ave.  (17)  399v 

Fulling.  Edmund  H.,  Editor  &  Publisher,  The  Botani¬ 
cal  Review-Economic  Botany,  New  York  Botanical 
Garden  (58)  1854v 

tGasch,  R.  H.,  V.  P.,  The  Joslyn  Co.,  70  Pine  St.  (5) 
^  ,  ‘‘72V 

Gruitch,  J.  M.,  Dir.  of  Research  &  Dev..  American 
Car  &  Foundiy  Co.,  30  Church  St.  (8)  I891v 

Hemming,  Charles  B.,  United  States  Plywood  Corp.. 

55  West  44th  St.  (18)  9v 

Holt,  Reginald  W.,  Sec’y.-Mgr.,  New  York  Lumbei 
Trade  Assoc.,  Inc.,  Grand  Central  Terminal  (17) 

tingalls,  H.  E.,  Sales  Engineer,  Nichols  Bng.  Sc  Re¬ 
search  Corp.,  60  Wall  Tower  675a 

Johnson,  Claude  W..  American  Cyanamid  Co.,  30 
Rockefel'er  Plaza  (20)  1387v 

Karsten,  Kenneth  S.,  Tech.  Repres.,  R.  T.  Vanderbilt 
Co.,  Inc.,  230  Park  Ave.  (17)  2804v 

Knox,  John  J.,  Production  Engineer,  Balso  Ecuador 
Lumber  Corp..  500  Fifth  Ave.  (18)  l683v 

Kohn,  Jacques,  Balso  Ecuador  Lmbr.  Corp.,  500  Fifth 
Ave.  (18)  lC45v 

Kramer,  Joseph,  Sec’y.,  Greater  N.  Y.  Lumber  Indus¬ 
tries,  Inc.,  152  West  42nd  St.  118)  1475a 

tKuehn,  C.  C..  Vice  Pres.,  Georgia  Forest  Products  Co. 
2125-551  Fifth  Ave.  (17)  6l3v 
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Improve  Wood  Processing 

With  Basic  Allis-*Chalmets  Developments 
In  Wood  Utilization  Equipment! 


PROCESS  PLYWOOD  PANELS  faster  with  batch  press  and 
Allis^halmers  15  kv  dielectric  heater. 


BARK  ALL  PULP  WOODS  economically  with  the  Stream- 
barker  —  hydraulic  bark  remover. 


OLi 


¥ 


REDUCE  WOOD  WASTE  to  fiber  between  hardened  PUMP  STOCKS  up  to  8  per  cent  consistence  with  “PW 
plates  of  the  Inter-Pfane  Grinder.  Pump"  and  “Hi-Density  Feeder"  team. 

THESE  EXAMPLES  —  selected  from  hundreds  of  Allis-Chalmers 
products  used  in  ‘wood  processing  industries  —  show  the  importance 
of  Allis-Chalmers  in  efficient  utilization  of  wood  supplies. 

If  you  want  to  improve  your  products  or  increase  production,  chances  ' 
are  Allis-Chalmers  can  fill  your  equipment  requirements.  For  informa¬ 
tion  on  the  complete  equipment  line,  call  your  nearby  Allis-Chalmers 
Sales  Office  or  write  for  Bulletin  25B6827.  a.3184 

ALLIS-CHALMERS,  81 2A  SO.  70  ST. 


MILWAUKEE.  WIS.  J 

Hi-Density,  Inter-Plane  and  Streambarker  ate  Allis-Chalmers  trademarks.  ^ 

AlllS-CHAlMERS 
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Laycock,  Ralph,  Pur.  Agt.,  Sterling  Last  Oirp..  3}^  L. 

27th  Street  (16)  2180v 

Leal,  J.  Louis  Moreno,  131  E.  31st  St.  (22)  2l21y 

Leicester,  W.  F.,  President,  Borden  Company,  Chemi¬ 
cal  Division,  330  Madison  (17)  342$ 

tLowgren,  Uno,  President,  American  Defibrator,  Inc.. 
403  Lexington  Ave.  •  717v 

Mabrey,  George  R.,  Fabricated  Lumber  Products  Co.. 

101  Park  Ave.  (17)  1234v 

Marashinsky,  Julius,  Wood  Engineer,  Balsa  Ecuador 

Lumber  Corp.,  300  Fifth  Ave.  1703v 

Mayfield,  P.  B.,  Tech  Con.,  The  Barrett  Division. 
Allied  Chemical  &  Dye  Corp.,  40  Rector  Street  (6l 

82lv 

tMcCormack,  Paul  H.,  Development  Engr.,  Natl.  Ad¬ 
hesives,  270  Madison  Ave.  (16)  139v 

McGinn,  Earl  P.,  Lockwood  Trade  Journal  Co.,  Inc.. 

13  W.  47th  Street  (19)  2192a 

Meloney,  H.  M.,  Exec.  Secretary,  Business  Forms 
Institute,  220  East  42nd  St.  (17)  1739v 

tMiller,  S.  P.,  Tech.  Dir.,  The  Barrett  Div.,  Allied 
Chem.  &  Dye  Corp.,  40  Rector  St.  (6) 

Nelson,  John  W.,  Nat‘1.  Adhesive  Div.,  Physical 
Testing,  270  Madison  Ave.  (16)  2026v 

O’Hire,  Eugene  R.,  206  E.  30th  St.  (16)  906v 

tv.  C.  Otley,  Mgr.,  The  Barrett  Div.,  Allied  Chem.  & 
Dye,  40  Rector  St.  (6)  492v 

Owen,  Hermon  F.,  Gen.  Eastern  Sales  Mgr.,  Con¬ 
solidated  Chemical  Industries,  Inc.,  630  Fifth  Avenue 
(20)  2632V 

fPantke,  Conrad,  Pres.,  Roof  Structures,  Inc.,  43  W. 

43th  St.  (19)  344v 

Pratt,  Richard,  Associate  Editor,  Ladies  Home  Journal, 
1270  Sixth  Ave.  (20)  2228a 

tReese,  Thomas  J.,  Boliden  Mining  Co.,  %  L.  J.  Buck, 
Inc. -74  Trinity  Place  (6)  76v 

fRodgers,  Jos.  L.,  Mgr.  Plywood  Glue  Div.,  Bakelite 
Corp.,  30  E.  42nd  St.  (17)  332v 

Schweitzer,  Louis,  President,  Peter  J.  Schweitzer,  Inc.. 

403  Lexington  Ave.  (17)  1806v 

fSimmonds.  Herbert  J.,  Pres.,  Paper  Corp.  of  United 
States,  630  Fifth  Ave.  (20)  138v 

Smith,  Frank  J.,  Mgr.,  Pan  American  Refining  Corp., 
122  E.  42nd  St.  (17)  19l6v 

tSt.  Clair,  Harry  Hull,  Pres.,  Hart  Moisture  Gauges, 
Inc.,  126  Liberty  St.  892s 

tStevens,  Clifford  A.,  Salesman,  Roddis  Plywood  ft 
Door  Co.,  920  E.  I49th  St.  239v 

Tully,  James,  Quality  Control  Dir.,  T.  Baumritter  Co.. 

Inc.,  171  Madison  Ave.  (16)  2603v 

United  States  Plywood  Corp.  (Charles  B.  Hemming) 
33  W.  44th  St.  (18)  2702s 

U.  S.  Steel  Corporation  of  Delaware,  (J.  V.  Freeman. 

Dir.),  Room  1503,  71  Broadway  (6)  1322c 

tTinker,  E.  W.,  Exec.  Sec.,  American  Paper  &  Pulp 
Assn.,  122  E.  42nd  St.  (17)  334v 

Wadsworth,  B.  B.,  S*s.  Mgr..  The  Borden  Co.. 

Chemical  Div.,  350  Madison  Ave.  (17)  2138v 

Wormley,  Edward  J.,  Dunbar  Furniture  Mfg.  Co.. 

450  E.  32nd  St.  (22)  ll44v 

fYeager,  W.  R.,  Methods  Eng.,  Western  Elect.  Co.. 

Inc.,  401  Hudson  St.  (14)  63Iv 

Niagara  Falls 

Van  Ormer,  William  K..  Mgr.,  Sales  Engr..  Coated 
Products  Division,  The  Carborundum  Co.  1377a 

North  Syraucuse 

Grant,  John  W.,  Cabinet  Engineer,  General  Electric 
Co.,  109  Fay  Park  Dr.  2639v 

North  Tonawanda 

Cumming,  Leonard  E.,  335  Evans  St.  2010v 

Dodd,  Robert  E.,  Durez  Plastics  &  Chemicals  Inc.. 

Walck  Road  221  Iv 

Mullen,  Richard  C.,  Chem.  Engr.,  Stromberg-Carlson 
Co.,  100  Carlson  Rd.  2752v 

Watson,  Kenneth  M.,  456  Bennett  St.  1321as 

Charles.  Harold  L.,  Asst.  Supt.,  Cabinet  Shop.  Strom¬ 
berg-Carlson  Co.,  100  Carlson  Road  (3)  912v 

Port  Chester 

Kahan,  Herbert,  South  Water  St.  2676as 

Rochester 

Hudson,  John,  Jr.,  Student,  N.  V.  State  College  of 
Forestry,  319  Kenwood  Ave.  I428as 

InKr.soll,  Richard  H.,  Sales  Rep.,  Atlas  Plywood 
Corn,,  35  Oak  Lane  1563v 

Sprangers,  Leonard  D,,  Research  Engineer,  Morgan 

Machine  Company,  1230  University  Ave.  (7)  2567v 

Rockville  Centre 

Grimm,  Donald  C.,  Student.  New  York  State  College 
of  Forestry,  140  Powell  Ave.  1640as 
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Roslyn,  L.  1. 

Conklin,  Walter  E.,  1401  Northern  Blvd.  203  Iv 

Salamanca 

Fitzpatrick,  Gerard  J.,  Plant  Mgr.,  Fitzpatrick  it 
Weller,  Inc.,  Rochester  St.  2366v 

Gannon,  Richard  J.,  1  Broad  Street  2303v 

Scarsdale 

Paulmann,  Calvin  J.,  New  York  State  College  of  For¬ 
estry,  147  Madison  Rd.  2826as 

Schenectady 

O’Brien,  Edward  H.,  1100  Via  Delmar  Road  ll43v 

Rochester 

Mullen,  R.  C.,  Chem.  Engr.  Stromberg-Carlson  Co.. 

100  Carlson  Rd.  2752v 

Van  Epps,  Clarence  F.,  Stromberg  Carlson  Co.,  100 
Carlson  Rd.  1801v 

Schenectady 

Crump,  Harry,  Special  Representative,  Carboloy  Co., 

Inc.,  Special  Metals  Div.,  Building  10 — 1  River 

Road  (5)  l663v 

Seneca  Falls 

Davis,  K.  E.,  Owner,  Pure  Ice  &  Coal  Co.,  Box  .396 

2383.1 

Snyder 

Wilson,  Kenneth  A.,  Rep.,  Synvar  Corporation,  24 

Sargent  Drive  (21)  2170v 

Solvay 

Burns,  Richard  M.,  N.  Y.  State  College  of  Forestry, 
206  Carolina  Ave.  2813as 

Spring  Valley 

Faist,  Robert,  Pres.,  Faist  &  Westervelt  Lbr.  Co., 
17  Maple  Ave.  1290v 

Springville 

Salzlsr,  John  H.,  248  Main  St.  2629as 

Staten  Island 

Santoro,  W.  E.,  Tech.  Dir.,  Standard  Varnish  Works, 
32  Cubberly  PI.  (6)  790v 

Great  Kills,  Staten  Island 

Vetbeck,  Arthur  R.,  48  Fiorence  St.  (B)  2030as 

Suflem 

Russo,  Joseph  R.,  Student,  N.  Y.  State  College  ot 

Forestry,  22  Long  Ave.  2045as 

Syracuse 

Anderson,  Eric  A.,  N.  Y.  State  College  ot  Forest  y. 

Syracuse  University  68lv 

Brown,  Nelson  C.,  Prof,  of  Forest  Utiliz.,  New 
York  State  College  of  Forestry  (10)  223-v 

Birdsall,  Keith  C.,  Research  Asst.,  New  Yo.k  State- 
College  of  Forestry  OO)  l”.37v 

Bishop,  Alfred  H.,  Assoc.  Prof.,  New  York  State 
College  of  Forestry  (10)  1174v 

Borchgrevink,  K.  Gordon,  115  Winchell  Rd.,  U.iiver 
sity  Heights  2640v 

tBrown,  Harry  P.,  Head,  Dept,  of  Wood,  Tech  lo  ogy 
— N.  Y.  State  College  ot  Forestry,  Syracuse  Uni¬ 
versity  (10)  383v 

Chen,  Chi  Ling,  New  York  State  College  of  Forestry. 

Department  of  Wood  Technology  (10)  2588as 

Core,  Harold  A.,  Instr.,  N.  Y.  State  College  ol 

Forestry,  Kl,  Apt.  3,  Solcum  Heights  (10)  2065v 

Cote,  Wilfred  A.,  Jr..  Instr.  Dept,  of  Wood  Technol¬ 
ogy,  N.  Y.  State  College  of  Forestry  2293' 

Cromwell,  Howard  F.,  New  York  State  College  of 
Forestry,  105  College  Place  (10)  2807as 

Currier,  Raymond  A..  36  Piskor  St..  S.  U.  Trailer 
Camp  2682as 

De  Zeeuw,  Carl,  Assoc.  Prot.  of  Wood,  N.  Y.  State 
College  Forestry — Tech..  Department  nl  Wood 
Technology  (10)  2337v 

Farnsworth,  C.  Eugene.  Asoc.  Prof..  N.  Y.  '•tate 
College  of  Forestry,  3339  South  Salina  (3)  I899v 

Gatslick,  Harold  B.,  N.  Y.  State  College  of  Forestry 
(10)  1728' 

Gilman,  Raymond  C.,  Jr.,  Student,  New  York  State 
College  of  Forestry.  425  Westcott  St.  (10)  l483as 
Godin,  Gilbert,  Grad.  Student.  D«artment  of  Wood 
Technology,  New-  York  State  College  of  Forestry 
(10)  26001 
Guest,  Peter  F..  Student.  N.  Y.  State  College  of 
Forestry,  101  College  PI.  (10)  2075as 

Hagadorn,  Elmore  W..  President.  Finishinc  Labora¬ 
tories,  Inc.,  627  Tallman  St.  (4)  2610' 

Heller,  Emaanuel  L.,  (New  York  State  College  of 
Forrstry),  609  Comstock  Ave.  (10)  1930as 

Henderson,  Hiram  L..  Prof,  of  Fore.st.  N.  Y.  State 
College  of  Forestry /Util.,  119  Stone  Ridge  Drive  (3) 

1933v 
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NV-WOOD 

SEALED  INSULATION  Insulating  Interior  Kinuh 

TUFFLEX 

CUSHION  PADDING 

. . .  products  from  wood  fiber  with 
millions  of  satisfied  customers. 

^  WOOD  CONVERSION  CO 


FURNITURE  FINISHES  EXCLUSIVELY 

We  are  prepared  to  serve  you  with: 

A  Modern  Factory  and  Laboratories  Producing  Carefully  Formulated 

and  Tested 


LACQUERS 

VARNISHES 

SEALERS 

REDUCERS 


STAINS 

FILLERS 

ENAMELS 

UNDERCOATS 


An  Experienced  Staff  of  Finishing  and  Color  Consultants 


THE  LILLY  COMPANY 

HIGH  POINT,  NORTH  CAROLINA 
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NEW  YORK— Continued 

Hoyle,  Raymond  J.,  Assoc.  Prof.,  Department  ot 
Forest  Utilization,  New  York  State  College  ot 
Forestry  (10)  2602v 

Hoyle,  Robert  J.,  Jr.,  Student,  New  York  State  Uni¬ 
versity,  College  of  Forestry  (10)  2827as 

Jahn,  Edwin  C.,  Director  of  Research,  New  York  State 
College  of  Forestry  (10)  2601 v 

tKitazawa,  George,  Res.  Assoc.,  Dept,  of  Wood  Tech¬ 
nology,  N.  Y.  State  College  of  Forestry  49  Iv 

Lawlor,  John  J.,  12  Tolley  St.,  Syracuse  Univ. 

Trailer  Camp  2638as 

Leney,  Lawrence,  Instructor — Wood  Technoloy,  N.  Y. 

State  College  of  Forestry  (10)  1239v 

Martin,  William  J.,  Student,  N.  Y,  State  College  of 
Forest^,  310  Walnut  Place  (10)  2802as 

Oleyar,  Edward  G.,  B1-L5,  Slocum  Heights,  E.  Colvin 
Street  2527as 

Owens,  James  M.,  Prof.,  New  York  State  College  ot 
Forestry  2594v 

Richolson,  Jerome  M.,  Student,  N.  Y,  State  College 
of  Forestry,  128  Standart  St.  (10)  2798as 

Ring,  James  M.,  Student,  N.  Y.  State  College  ot 
Forestry,  962  Ackerman  Ave.  1776as 

Rogala,  Edward.  313  Marcellus  St.  (4)  2468as 

Sander,  John  B.,  Jr.,  New  York  State  College  of 
Forestry,  Slocum  Heights,  D-6,  Apt,  1  (10)  2829as 

Skarr  Christian,  Wood  Tech.  Dept.,  New  York  State 
College  of  Forestry  (10)  1048v 

Smith,  Gerald  H.,  Instructor,  N.  Y.  State  College  of 
Forestry,  Syracuse  University  (10)  2034v 

Smith,  J,  Howard,  N.  Y.  State  College  of  Forestry, 
17  Piskor  St.,  Syracuse  U.  Trailer  Camp  (10)  2833as 
'  Venkatadas,  R.,  Student,  Utilization  Dept.,  N.  Y.  State 
College  of  Forestry  (10)  1998as 

Verstraete,  Stanley  A.,  Student,  New  York  State  Col¬ 
lege  of  Forestry,  A-6,  L-2  Slocum  Heights  (10) 

202  3as 

Williams,  Leslie  E.,  Student,  New  York  State  College 
of  Forestry,  1116  E.  Genesee  St.  1494as 

Wylie,  Aubrey  E.,  Student,  812  University  Ave.  UO) 

1272as 

Yavorsky,  John  M.,  Research  Technician,  New  York 
State  College  of  Forestry  1091v 

Zabel,  Robert  A.,  Assistant  Prof,  of  Forest  Pathology, 
New  York  State  College  of  Forestry  I646v 

Tonawanda 

Comer,  John  P.,  71  Benefield  Place  1392as 

Tupper  Lake 

Hull,  Gerald  P.,  Oval  Wood  Dish  Corporation  1497s 
Oval  Wood  Dish  Corp.,  (Gerald  P.  Hull,  Pres.), 
120  Demars  Blvd.  1497s 

Webster  ' 

Martin,  H.  R.,  103  Fuller  Ave.  1744v 

WeK  Haverstraw 

Rhine,  Gcotge  W,,  Forest  Products  Consultant,  Sam- 
sondale  Ave.  1702v 

Yonkers 

Dempsey,  Thomas  J.,  Plant  Mgr.,  Yonkers  Cabinet 
Corp.,  923  Old  Nepperhan  Ave.  (3)  1767v 

Schwal>,  Arthur,  Student.  N.  Y.  State  College  of 
Forestry,  168  Radford  St.  (3)  2801as 
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Benton 

Stauss,  Joseph  A.  1726v 

Downingtown 

DePan,  R.  T.,  Development  Eng.,  Downingtown  Mfg. 

Co.  1382V 

Downingtown  Mfg.  Co.,  (Harry  C.  Merritt.  VP)  1381s 
Merritt,  Harry  C.,  Downington  Manufacturing  Com¬ 
pany  1381s 

Drexel  Hill 

Bollinger.  A.  E.,  Tech.  Engr.,  Minnesota  Mining  & 
Mfg.  Co.,  3723  Huey  Ave.  2793t 

Elkins  Park 

tGetz.  W.  Linton,  829  Township  Line  Rd.  (17)  334v 

Erie 

Clatidge,  B.  E.,  Secretary,  Hammermill  Paper  Co., 
East  Lake  Road  14l4v 

Fleetwood 

Erson,  Walter  C.,  Frank  C.  Snedaker  &  Co.,  Inc. 

1879V 

Frenchville 

Royer,  Jesse  C.,  Sawyer,  Triangle  Lumber  Co.  1346v 
Harrisbu» 

Mest,  ^hn  M.,  1807  Holly  St.  2398as 


Hazleton 

Ballots,  Paul  (Pennsylvania  State  College)  974  N. 
Locust  St.  2773as 

Jeannette 

Halsted,  I.  L.,  Sr.,  VP,  Scottdale  Wood  Products,  Inc., 
423  N.  3rd  St.  1294v 


Lancaster 

Oviatt,  Alfred  E.,  Architect  (Research),  Armstrong 
Cork  Co.  2140v 

Peck,  John  F.,  Vice-Pres.,  The  B.  B.  Martin  Co., 
James  &  Charlotte  Sts.  1282v 

Lansdowne 

Leete,  Ca'vin  B.,  99  E.  Stewart  Ave.  2396as 

Perkins  Glue  Co.  1317s 

Littletown 

tCairns,  James  S.,  V.  P.-Treas.-Genl.  Mgr.,  Keystone 
Cabinet  Co.  386v 


Lock  Haven 

Baker,  W.  E.  Byron,  Mgr.,  Paper  Research,  N.  Y.  & 


Penn.  Co.,  Inc.,  263  North  fairview  St.  I44v 

McKeesport 

Brooks,  R.  D.,  Woodworking  Serv.  Eng.,  Firth-Ster¬ 
ling  Steel  &  Carbide  Corp.  1164a 

Nazareth 

fMartin,  C.  Frederick,  Gen.  Manager,  C.  F.  Martin 
&  Co.,  10  West  North  St.  .  709v 

Petrolia 

Edberg,  Edwin  A.,  Chemist,  Koppers  Co.,  Inc., 
Chemical  Div.  2424v 


Philadelphia 

Albert,  Edward  J.,  Pres.,  Thwing-Albert  Instrument 
Co.,  Penn.  St.  &  Pulaski  Ave.  (44)  2007v 

tAllen,  Armin  E.,  Products  Mgr.,  Radio  Division, 
Philco  Cotp.,  C  &  Tioga  Sts.  306v 

fBrentlinger,  P.  D.,  Forester,  Pennsylvania  RR,  Room 
700.  13  No.  32nd  St.  843v 

tBye,  Norman  C.,  Henry  Disston  &  Sons,  Inc.,  Unruh 
&  Milnor  Sts.  (33)  394v 

Chudnoff,  Martin,  2324  N.  31st  Street  1264as 

tColeman,  P.  N.,  Pres.,  American  Cross  Arm,  Inc., 
Delaware  &  Oregon  Aves.  (48)  679v 

Cologne,  John  J.,  Prod.  Engr.,  Henry  Disston  &  Sons, 
Inc..  Unurh  and  Milnor  Sts.  (33)  2781v 

fFraunberger,  R.  C.,  S.  E.  Industries,  Inc.  %  Philco 
Corp.,  Tioga  &  C  Sts.  (34)  446v 

Fulweiler,  W.  H..  Chemical  Engineer,  Room  722, 
Commercial  Trust  Co.,  16  S.  Broad  St.  (2)  908v 

tHopkins,  Robert  P.,  Devel.  Chemist,  Resinous  Prod¬ 
ucts  &  Chemical  Co.,  3000  Richmond  St.  (37) 

174v 

Hughes,  S.  Ward,  Thompson  Mahogany  Co.,  Edmund 
St.  &  Bleigh  Ave.,  (36)  1273v 

Muehiman,  Paul  A.,  Vice  Pres.,  Frank  C.  Snedaker 
&  Co..  Inc.,  3337  N.  9th  St.  (40)  979v 

Olson,  Joseph  O.,  V.  P.,  Mc(iloskey  Varnish  Co., 
7600  State  Rd.  (36)  2323v 

tPhilco  Corp.,  Corp.  Div.  (R.  C.  Fraunberger) ,  Tioga 
C  Sts.  (34)  410s 

Ruff  Edward,  3912  N.  7th  St.  (20)  2642as 

Shellnut,  F.  B.,  Secretary,  Insular  Lumber  Company, 
1403  Locust  St.  2368V 

Taylor,  William  H.,  Jr.,  Henry  Disston  &  Sons,  Inc., 
Unruh  &  Milnor  Streets  (33)  26l4v 

Pine  Grove  Mills 

Prange,  Gerald,  (Pa.  State  College)  Box  107  236las 


Pittsburgh 

Hamrick  M.  A.,  Mgr.  Sales  Methods,  Koppers  Co., 
Inc. — Wood  Pres.  Div.,  700  Koppers  Bldg.  (19) 

487v 

Honeywill,  Ransom  P.,  Pres.,  Honeywill  &  Co.,  Inc., 
1103  Washington  Blvd.  (6)  19118v 

Kee.y,  Hal,  Hal  Keely  Plywood  Co.,  2017  Preble  Ave. 

1080V 

fMagdsIck,  C.  D.,  U.  S.  Steel  Corp.  of  Del.,  436  7th 
Ave.  (30)  468v 

Newton,  W.  F.,  Mgr.,  Market  Research  &  Develop¬ 
ment,  Pittsburgh  Plate  Glass  Co.  (13)  191  Iv 

Koppers  Co.,  Inc.,  Tar  Products  Div.,  (J.  N.  Roche. 
Mgr.,  Creosote  Sales),  1200  Koppers  Bldg.  (19) 


fRoche,  J.  N.,  Mgr.,  Creosote-Pitch  Sales,  Koppers 
Co.,  Inc.,  Tar  Products  Div.,  1200  Koppers  Bldg. 

„  (19)  390V 

Sheppard,  Harry  R.,  Mellon  Institute,  4400  3th  Ave. 

(13)  378v 

tShipley,  Grant  B.,  Chairman,  Elliot  Co.,  3010  Koppers 
Bldg.  (19)  317v 

Thiessen,  Gilbert.  Technical  Advisor,  Koppers  Co. 
Inc.,  Chemical  Div.,  2337  Koppers  Bldg.  (19)  963v 
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For  high  bond  strength  ond  short 
pressing  schedules,  UFORMITE  435 
or  505 — liquid  or  powder  urea 
formaldehyde  resins.  Buy  435 
for  bulk  storage  and  shipping. 


For  tapeless,  eosy-mix  veneer 
splicing,  UFORMITE  JS*508 — pre- 
catalyzed,  pre-hibricoted,  dust¬ 
less  powder.  Pot  life  8  to  12 
hours.  Apply  at  jointer  or  splicer. 


For  faster  cold  bonding  and 
assembly  gluing,  UFORMITE  CB- 
553 — pre-cotolyzed  urea  for¬ 
maldehyde  adhesive  with  im¬ 
proved  glue-line  durability  and 
compatibility  for  wheat  flour. 


For  bonding  thin,  fragile  veneers, 
TEGO  Resin  Film — phenolic  hot- 
preu  adhesive  for  durable  boil- 
proof  bonds. 


For  extreme  durability,  AMBERLITE 
PR-115 — unmodified  resorcinol- 
type,  room-temperoture-setting 
adhesive. 


CHEMICAIS 


Full  product  data 
for  tha  asking. 


-  1  UFORMITE 

1  AMBERLITE 

TEOO 

or*  tradm-markt.  Rag.  U.  S.  fat. 
Otf.  and  In  principal  faraign  counfriei. 


Washington  Squor*  Phllodalphlo  S.  Pa. 

At  litiMi  FnMi  IhiMi  (u  htwili  IW  IniMU  FnSicti  I  Cksokal  CMsm 
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PENNSYLVANIA— Continued 
Red  Lion 

Sechrist,  James  F.,  Red  Lion  Cabinet  Co.  lOOlv 

Reoovo 

Evancoe,  Eugene  J.,  Forester  &  Surveyor,  426  Penn¬ 
sylvania  Ave.  1958V 

Sacramento 

John  I.  Zerbe  2597as 

Scottdaie  ,  „  , 

Halsted,  Irving  L.,  Pres.,  Scottdaie  Wood  Products, 
Inc.,  Box  36  1283v 

Sewickley  ,  ^  ■ 

fFarrier,  Clarence  W.,  Dir.  of  Research,  Gunnison 
Homes,  Inc.,  R.  D.  No.  2,  Fern  Hollow  Rd.  at 
Camp  Meeting  Rd.  315v 

State  College  _ 

Dickerson,  Thomas  B.,  430  W.  Foster  Ave.  2593as 
Humphry,  Merwin  W.,  352  East  Irvin  Ave.  1303a 
Kindig,  Roy  C.,  Hoover’s  Trailer  Park  2636as 

tNorton,  Newell  A.,  Prof,  of  Wood/Utilization,  Dept, 
of  Forestry,  Pennsylvania  State  College  749v 

Syska,  Arthur  D.,  315  West  Beaver  Ave.  1364v 

•|2ockird,  Charles  R.,  NE  For.  Exp.  Sta.,  102  Motors 
Ave.  495v 

Simmons,  Fred  C.,  Forester,  FUS,  N.  E.  For.  Expt. 
Sta.,  102  Motors  Ave.  2063v 

Warren  _ 

tCreal,  T.  K.,  Gen.  Mgr.,  Paramount  Furniture  Co., 
P.  O.  Box  569  620v 

Watsontown 

Frazier,  W.  R.,  Works  Mgr.,  Watsontown  Cabinet 
Div.,  Philco  Corp.  2553v 

Rombach,  Fred  W.,  Vice  Pres,  in  Charge,  Watson¬ 
town  Cabinet  Div.,  Philco  Corp.  2554v 

Waynesboro 

Benedict,  D.  Norris,  Frick  Company  1467s 

(Frick  Company,  (D.  Norris  Benedict,  Pres-.  &  Gen. 
Mgr.,  W.  Main  Street  1467s 

West  Chester 

Rothrock,  Joseph  T.,  Supervisor,  S.  S.  Seeley  &  Sons 
— Kiln  Drying  &  Impregnation  of  Wood,  304  W. 
Miner  St.  1255v 

West  Newton 

Dwyer,  William  J.,  Admiral  Homes,  Inc.  2701v 

fElliot,  Donald  S.,  Vice-Pres.,  Admiral  Homes,  Inc. 
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Williamsport 

Koenig,  Paul  H.,  Williamsport  Furniture  Co.  (63) 

2177as 

York 

Stair,  J.  Wm.,  B.  M.  Root  Co.,  S.  Sherman  St. 

2214a 


RHODE  ISLAND 
Providence 

Hupfel,  Walter  M.,  Catalin  Corp.  of  America,  49  Elm- 
crest  Ave.  2764v 

Russillo,  Mario  R.,  Gen.  Mgr.,  Milo  Industries, 

347 — 353  Huntington  Ave.  (9)  2240v 

Westerly 

Sorensen,  Chris  P.,  President,  Sorensen  &  Peters,  Inc., 

Box  145  l695v 


VERMONT 

Bennington 

Irion,  Clarence  E.,  Ben  Mont  Papers,  Inc.  I60v 

Bethel 

Fyles  &  Rice  Co.,  Inc.,  (Delbert  M,  Stearns,  Pres.) 

1131s 

Stearns,  Delbert  M.,  Fyles  &  Rice  Company  1131s 
Brattleboro 

tMorse,  Victor  L.,  Editor,  Brattleboro  Publishing  Co., 
16  Prospect  Ct.  825v 

Turner,  Frederick  J.,  County  Forester,  Vermont  Forest 
Service  1779v 

Hancock 

Eise.ihauer,  W.  D.,  Vermont  Plywood,  Inc.  422v 
Morrisville 

Chaffee,  L.  L.,  Gen.  Mgr.,  C.  H.  A.  Stafford  &  Sons, 
Inc.  24l<)v 

Pittsford 

Frost,  Emerson  L.,  Student,  Univ.  of  Vermont,  Cedar 
St.  1368as 


Pownal 

Tolle,  Siegfried  W.,  V.  P.  &  Treas.,  Northeast  Wood 
Products,  Inc.  162  Iv 

Pizzano,  Vincent,  Pres.,  Northeast  Wood  Products, 
Inc.  2503V 


Rutland 

Rose,  Richard  C.,  Pres., 
8  Thomas  St. 

So.  Shaftsbury 

Clawson,  John  D.,  Mgr., 

Stockbridge 

Coe,  Howard  H.,  Supt., 
Square  Mfg.  Co. 

Stowe 

tShaw,  Gale  H.,  Treasurer, 


Sable  Mountain  Corp. 

1941V 

Eagle  Square  Mfg.  Co. 

1917V 

Stockbridge  Mill,  Eagle 
20l6v 

Stoware,  Inc.  545v 


NEW  BRUNSWICK 


Edmundston 

Corey,  Dr.  Alfred  J.,  Asst.  Chief  Chemist,  Fraser 
Companies,  Ltd.  547v 

Fredericton 

Doyle,  Elwyn  N.,  Student,  Univ.  of  New  Brunswick. 

164  Saunders  St.  1997as 

Videto,  Harris  E.,  Assoc.  Prof.,  Head  of  Technology 
&  Utilization  Dept.,  University  of  New  Brunswick 

1703V 

Saint  John 

Likely,  A.  H.,  President,  Jos.  A.  Likely,  Ltd.  337v 


NOVA  SCOTIA 

Fraser,  Andrew  F.,  Forest  Engr.,  N.  S.  Research 
Fbundation,  P.  O  Box  1027  2541v 

Halifax 

Smith,  H.  D.,  President,  Nova  Scotia  Research  Foun¬ 
dation,  Dennis  Building,  Box  1027  2563v 

Liverpool 

tjohnson,  Ralph  S,  Chief  Forester,  Mersey  Paper  Co. 
Ltd.  589v 

ONTARIO 
Blind  River 

Smith,  Charles  E.,  Managing  Director,  J.  J.  McFadden 
Lumber  Co.,  Ltd.  2422v 

Burlington 

Hewett,  M.  H.,  Homes  Department  Manager,  The 
Halliday  Co.,  Ltd.  1615a 

Ottawa 

Jenkins,  John  Henry,  Acting  Supt.,  Forest  Products 
Laboratory,  Dept,  of  Research  &  Development 

2510V 

fLeClair,  Wm.  J.,  Sec. -Mgr.,  Canadian  Lumbermen’s 
Assn.,  27  Goulbourn  Ave.  202v 

Petersborough 

King,  J.  W.,  97  Park  St.,  South  2811v 

PreMon 

Hilborn.  P.  R.,  Pres.,  Preston  Furniture  Co.,  Ltd., 
185  King  St.  2235v 

Stratford 

Dewdney,  Frank  A.,  VP-Factory  Mgr.,  Imperial  Rattan 
Co.,  Ltd.,  465  Ontario  St.,  NE  Section  2835v 
Toronto 

Johnston,  R.  N.,  Chief,  Div.  of  Research,  Ontario 
Dept.  Lands  &  Forests,  Room  2502,  East  Block, 
Parliament  Bldgs.  20v 

Marshall,  H.  Borden,  Research  Fellow,  Ontario  Re¬ 
search  Foundation,  43  Queens  Park  318v 

QUEBEC 

Chicoutimi 

Fraden,  Bernard  David,  President,  Bois  L’orignal 
Royal  Enr.,  44  Boulevard  McLeod  6l2v 

Quebec  City 

Gaudreault,  Maurice,  Universite  Laval,  75  Marechal 
Foch  St.  2506a 

Roberval 

Gagnon,  Claude  B.,  Forest  Eng.,  "Les  Chantiers  Gag¬ 
non  Ltee”  Dalbeau  Co.,  620  6th  Ave.  2475a 

Westmount 

Beveridge,  J.  B.,  Dir.,  J.  J.  McFadden  Lumber  Co., 
Ltd.,  3241  Cedar  Ave.  2400v 

Duchesnay,  County  Portneuf 
Risi,  Dr.  Jos.,  Director,  Forest  Products  Laboratory 

1588V 

Kenogami 

tHill,  Harold  S.,  Dir.  of  Research,  Price  Bros.  & 
Co.,  Ltd.  291v 
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PLYWOOD 
and  VENEER 
MACHINERY 


COLD 

LAMINATING 

PRESSES 


HOT  PLATE 

HYDRAULIC 

PRESSES 


VENEER 

CUTTERS 

and 

I  O  I  N  T  E  R  S 


Write  for  Bulletins 


COLUMBIA 


MACHINERY  and  ENGINEERING  CORP. 


Hamilton,  Ohio,  U.  S'.  A. 


All  softwoods  and  hardwoods 

•  Fir  •  Birch  •  Maple 

•  Pine  •  Oak  •  Walnut 

•  Gum  •  Mahogany 

Plywood  Specialties 

Plytex  Combwood  Plypreg 

P.  V.  Hardboard  Welchboard 

Over  50  species  in  warehouse 

Single-Ply  Veneers 
Consoweld  Plastic  Sheets 
Wal-lite  Tileboard 

Engineering  Department  for  Special 
Consultations 

Alex  P.  Schreiber  John  H.  Sweeney 
Write  for  Price  List  to: 

AETNA  PLYWOOD 
&  VENEER  CO. 

1731  No.  Elston  Ave. 
Dept.  FR 

Chicago  22,  Illinois 
ARmitage  6-7100 


Glued  Laminated  Timbers 

. . .  ffce  finest  form  of  engineered  wood 

Permanent  .  .  .  economical  .  .  .  beautiful — 
these  and  all  other  good  qualities  of  timber 
construction  are  retained  by  the  glued  lami¬ 
nation  process.  In  addition,  freedom  from 
dimensional  changes  and  seasoning  blem¬ 
ishes  are  achieved  by  this  modern  method 
of  "shop  growing”  these  finest  of  structural 
members. 

Timber  Structures,  Inc.,  has  prepared  a 
booklet  entitled  "Timber  Members”  which 
gives  details  of  glued  lamination,  and  shows 
specific  applications.  You  may  get  a  copy 
from  your  nearest  Timber  Structures  office, 
or  by  writing  us  direct. 

liMBER  Structures,  Inc. 

R.  O.  BOX  3782,  PORTLAND  8,  OREGON 

Offices  in  New  York,  Chicago;  Kansas  City,  Mo.;  Dallas,  Texas; 

Eugene,  Ore.;  Seattle  and  Spokane,  Wash. 

TIMBER  STRUCTURES,  INC.,  OP  CALIFORNIA  .  Oakland,  Calif. 
HMBER  STRUCTURES  OF  CANADA,  LTD.  .  Peterborough,  Ontario 
Local  Represtntalivtt  Coast  to  Coast 
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Montreal 

Dates.  John  S.,  Price  &  Pierce  Ltd..  1058  Sun  Life 
Bldg.  2779V 

Bruun,  Alex,  Pres.,  Alex  Bruun  Ltd.,  3025  Sher- 
bropke  St.,  W.,  Suite  33  201  Iv 

tDe  Liniers,  Jacques,  Pres.,  Wood  Preserv.  Industries, 
Ltd.,  2807  Willowdale  Ave.  .  378v 

Desjardins,  Pit  U.,  Gen.  Supt.,  International  Ply¬ 
woods,  Ltd.,  Sun  Life  Bldg. — Dominion  Sq.  (2) 

2260V 

Dixon,  Harold  F.,  Tech.  Rep.  Adhesive  Dept.,  Mon¬ 
santo  (Canada)  Ltd..  425  St.  Patrick  St.  2694v 
tKoroleff,  A.,  Dir.  of  Woodlands  Research.  Pulp  & 
Paper  Research  Inst,  of  Canada,  3420  University  St. 
(2)  409v 

tMaxwell,  H.  Stirling,  V.  P.,  E.  J.  Maxwell,  Ltd., 
5080  St.  Ambroise  St.  119v 

fPiche,  Gustave  Clodomir,  Consulting  Forest  Engr., 
3667  St.  Hubert  St.  533v 

Ste.  Rose  (Laval) 

Rot,  George.  Asst.  Production  Mgr.,  Common  Wealth 
Plywood  Co.,  Ltd.,  P.  O.  Box  90  2335v 


Quebec  „  . 

fBourget,  Marie — Albert.  Prof,  of  Forest  Prod.  & 
Consul.  Eng.,  40  des  Braves  Ave.  550v 

tBreton,  J.  A.,  Forest  Engr.  &  Mgr.,  Quebec  Forestry 
Assn.,  286  St.  Joseph  St.  84a 

Jones,  Douglas,  Canadian  Pulp  &  Papepr  Ass  n., 
3420  University  St. 

tLaMothe,  G.  E.,  Chief  Logging  Engr.,  Price  Bros. 
&  Co.  269v 


St.  Johns’ 

Moffat,  Thomas  S.,  Mgr.,  Forest  Industries  (N.B.) 
Ltd.,  93  Bridge  St.  990v 

La  Tuque 

Guttentag,  William  H.,  Plant  Mgr.,  Northern  Veneer 
&  Plywood  Co.,  Ltd.,  P.  O.  Box  200  2132v 

St.  Lambert 

fSeguin,  J.  F.,  Managing  Director,  J.  J.  Seguin  Co., 
Ltd.,  (23)  469v 

Rimouski 

Paradis,  Paul,  Manager,  Paradis  &  Freres,  P.  O.  Box 
300  1645a 


SOUTHEAST  REGION 


DELAWARE 

Newark 

Roberts,  Percival  R.,  Jr.,  Owner,  Roberts,  57  East 
Cleveland  Ave.  1322a 

Wilmington 

fBorglin,  Joseph  N.,  Hercules  Powder  Co.,  Naval 
Stores  Dept.  (99)  676v 

Bren,  B.  C.,  E.  I.  du  Pont  de  Nemours  Co.,  Inc., 
Polychemicals  Dept.,  Bldg  323,  Experimental  Station 

921a 

tCairns,  Robert  W.,  Asst.  Dir.  of  Research,  Hercules 
Powder  Co.  (99)  177v 

fKrause,  Robert  L.,  Ind.  Fungicide  Res.,  Grasselli 
Ch"m.  Dept.,  E.  I.  DuPont  de  Nemours  &  Co. 

597v 

Kvalnes,  H.  M.,  P.  O.  Box  424  (99)  1733a 


DISTRICT  OF  COLUMBIA 


Washington 

fBlumenstein,  Robert  R.,  Timber  Engineering  Co.,  Res. 
Lab.,  4812  Minnesota,  N.  E.  (19)  221v 

Campbell,  C.  C.,  Timber  Engineering  Co.  2590as 
tCarr,  James  H.,  Jr.,  Secy.,  Timber  Eng.  Co.,  3121 
Beech  St.,  N.  W.  222v 

tColgan,  Richard  A.,  Jr.,  Natl.  Lbr.  Mfgrs.  Assn., 
1319  18th  St.,  N.  W.  (6)  439v 

fCortwright,  Frank  W.,  Exec.  V.  P.,  Natl.  Assn,  of 
Ho.Tie  Bldrs.,  1028  Connecticut  Ave.,  N.  W.  (6) 

105v 

fDavis,  Robert  W.,  Sec. -Mgr.,  Amer.  Veneer  Pkg. 

Ass.,  Inc.,  1526  M.  Street,  N.  W.  lOlv 

tFarber,  Eduard,  Chief  Chemist,  Timber  Engrng,  Co., 
4812  Minnesota  Ave.,  N.  E.  (19)  223v 

tGloss,  R.ilph  H.,  Struct.  Engr.,  Timber  Engrng.  Co., 
1319  18th  St.,  N.  W.  (6)  224v 

fHanrahan,  Frank  J.,  Chief  Engr.,  National  Lbr.  Mfgrs. 

Assn.,  6220  Wagner  Lane  (16)  4l3v 

tHoffman,  Charles  H.,  Wood  Technologist,  Timber 
Engrng.  Co.,  4812  Minnesota  Ave.,  N.  E.  (19) 

225v 


tHoIcombe,  Robert  A.,  Chemist,  Timber  Engrng  Co., 
4812  Minnesota  Ave.,  N.  E.  (19)  226v 

Kephart,  G.  S.,  Bureau  of  Indian  Affairs,  U.  S.  Dept, 
of  Interior  qf,  U.  S.  Indian  Service,  New  Interior 
Bldg.  (25)  2575V 

fMcKean,  Herbert  B.,  Asst.  Dir.  of  Research,  Timber 
Engrng.  Co.,  1319— 18th  St.,  N.  W.  (6)  227v 

Morath,  Edgar,  Forestry  Officer,  FAO  of  the  UN, 
1718— N  Street.  N.  W.  2609v 

tNelson,  Herbert  U.,  Exec.  V.  P.,  Natl.  Assn,  of  Real 
Estate  Boards,  1737  K.  St.,  N.  W.  46a 

Penrose,  W.  A.,  Asst.,  Secretary,  American  Wood 
Preservers  Assoc.,  1427  Eye  Street,  N.  W.  (5) 

1874a 

Poletika,  Nicholas  V.,  Technologist,  Timber  Engineer¬ 
ing  Co. — Research  I^b.,  4812  Minnesota  Ave.,  N.  E. 
.(19)  1333as 

fRishell,  Carl  A.,  Dir.  of  Research,  Natl.  Lumber 
Mfgrs.  Assn.,  1319  18th  St..  N.  W.  (6)  15v 

fSciascia,  Matthew,  Research  Chemist,  Timber  Engrg. 

Co. ,  4812  Minn.  Ave.,  N.  E.  (19)  228v 

tShanklin,  John  F.,  Dir.  of  Forests,  Dept,  of  Int., 
Rm.  7248,  Interior  Bldg.  (25)  86v 


fSmith,  L.  W.,  Forest  Products  Technologist,  U.  S. 

Forest  Service,  6815  Barr  Rd.  (16)  511v 

fStearns,  Jos.  L.,  Jr.,  Supt.  Research  Lab.,  Timber 
Engrg.  Co.,  4812  Minn.  Ave.,  N.  E.  (19)  229v 

tSteidle,  Harry  H,  Prefabricated  Home  Mfgrs.  Inst., 
908— 20th  St..  N.  W.  (6)  ^34v 

fStevens,  Jay  M.,  Bur.  of  Aeronautics,  Navy  Dept. 

(AE-44)  (25)  658a 

tSward,  G.  G.,  Asst.  Dir.,  Scientific  Section,  Natl. 
Paint,  Varnish  &  Lacquer  Assn.,  1500  R.  I.  Ave., 
N.  W.  (5)  „  .249v 

tTrayer,  Geo.  W.,  Chief,  Div.  of  Forest  Products, 
U.  S.  Forest  Serv.  (25)  31v 

tUhl,  Harry  G.,  Pres.,  Timber  Engrg.  Co.,  1319  18th 
St.,  N.  W.  (6)  230v 

Winslow,  Carlile  P.,  Metropolitan  Club  •  1037v 

tWirka,  R.  M.,  Asst.  Chief,  Div.  of  Forest  Products, 
U.  S.  Forest  Service  (25)  38v 


FLORIDA 

Archer 

Brice,  C.  L.,  Pres.,  Brice  Lumber,  Inc.,  Box  58  2434v 
Bonifay 

Williams,  Hick  J.,  Repres.,  Perkins  Glue  Co.,  Route  4 

2852a 


Sheip,  Stanley,  Pres.,  Wood  Cellulose  Products  Co., 
Box  56,  River  Junction  P.O.  21l6v 

Fort  Lauderdale 

Chesney,  Herbert  H.,  Gate  City  Lumber  &  Supply  Co.. 
Box  901  985a 

Gainesville 

fBullion,  Bruce,  Plant  Supt,  American  Lumber  & 
Treating  Co.,  Box  134  684v 

fMims.  Lawrence  W,  Plant  Mgr.,  Cabot  Carbon  Co., 
P.O.  Box  137  .  6l0v 

fNewins,  Harold  S,  Director,  School  of  Forestry, 

Univ.  of  Fla.  23v 

fRyberg,  Milton  E.,  Technologist,  Southeastern  For. 

Expt.  Sta.,  U.  S.  Forest  Serv.  480v 

fWest,  Stanley  L.,  Dir.  of  Libraries,  Univ.  of  Fla. 

377a 

Hollywood 

fStewart,  Fred  J.,  Chief  Engr.,  Broward  County  Port 
Authority  of  Port  Everglades,  Fla.,  1700  Mayo  St. 

522v 


Jackson  vilfe 

Palmer,  F.  R.,  Palmer  Machinery  Co.,  P.  O.  Box  1 

2749V 

Picard,  Raymond  E.,  Harmon  Fixture  &  Equip.  Co., 
939  Wolfe  St.  .  2758y 

Rucker,  Tinsley  W.,  Pres.,  Diston-Powdermaker  Furni¬ 
ture  Co..  2670  Roselle  St.  1837v 

tWilliams.  Chas.  J.,  Pres.,  Moore  Dry  Kiln  Co., 
Box  4248  (1)  322v 

Lakeland 

tBuehler,  Walter,  Cons,  in  Wood  Tech._  &  Wood 

Pres,  to  the  Sch.  of  Forestry  of  The  Univ.  of  Fla., 
R.  R.  1— Box  291  357v 

Leesburg 

Ware,  G.  G.,  Chemist,  American  Bankers  Association, 
901  National  Bank  2849v 
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UNITED  STATES  PLYWOOD  CORPORATION 

A  completely  integrated  manu¬ 
facturing  and  distributing  or¬ 
ganization  serving  the  nation’s 

needs  for  plywood  and  other 
laminated  materials. 


Fourteen  manufacturing  plants 
and  fifty-four  sales  units  pro¬ 
vide  prompt,  nation^vide  serv¬ 
ice  on  Weldwood  products. 


UNITED  STATES  PLYWOOD  CORPORATION 

Executive  Officest  Weldwood  Bldg. 

55  West  44th  Street.  New  York 


PtANTS 


DISTRIBUTION  UNITS 
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FLORIDA — Continued 
Live  Oak 

Bancker,  W.  F.,  Pres.,  American  Forest  Products  Corp., 
Box  634  2407V 

Mt.  Dora 

Barnett,  W.  L’E.,  Orange  Grower,  P.  O.  Box  26 

1993a 

Miami 

Clark,  A.  Bailey,  Atlantic  Millworks,  7636  N.E. 
Fourth  Court  (38)  2212v 

Roman,  Chas.,  President,  Roman  Furniture  Service, 
Inc.,  406  N.  W.  54th  St.  (38)  1539a 

Orlando 

Bringman,  Chas.  W.,  Mgr.,  Charles  W.  Bringman— 
Machinery,  310  East  Orlando  Ave.  1820a 

Palatka 

Rion.  F.  H.,  Jr.,  V.  P.,  Florida  Furniture  Industries, 
Inc.,  River  St.  2301v 

Panama  City 

Dumaree,  A.  H.,  Mgr.,  By-Products  Div.,  International 
Paper  Co.  2066v 

Pensacola 

Lurton,  Harry  A.,  Pres.,  Peninsular-Lurton  Co.,  P.  O. 
Box  nil  2348v 

Soule,  Charles,  V.  P.  &  Gen.  Mgr.,  Escambia  Treat¬ 
ing  Co.,  P.  O.  Box  1710  2137V 

Port  St.  Joe 

Fleishel,  M.  L.,  Pres.,  St.  Joe  Lumber  &  Export  Co. 

2436v 

Quincy 

Dezell,  Wilbur  S.,  Owner,  Quincy  Millwork  Shop 

2430V 

Tallahassee 

Coulter,  C.  H.,  Florida  Forest  Service,  P.  O.  Box  1200 

2501V 

Tampa 

Greenwald.  J.  A..  Jr.,  Lumber  Impregnation  Eng., 
Cuprinol  Div.,  Draworth  Inc,,  3000  San  Nicholas 
St.  (9)  1725V 


GEORGIA 

Adel 

McClain,  Taft  R.,  Construction  Engineer,  P.  O.  Box 
211  2296v 

Athens 

Cloud,  Mason  C.,  Jr,,  Graduate  School  of  Forestry, 
University  of  Georgia  202  Iv 

Haislet,  John  A,,  Student,  Univ.  of  Georgia,  135 
Waddell  St,  2C05as 

Atlanta 

AIm.md,  A,  Pearson,  Vice  Pres.,  Robert  &  Co.  Asso¬ 
ciates,  Inc.,  96  Poplar  St.,  N.  W.  2556v 

tAnderson,  Bruce  E.,  V.  P.,  The  Gavan  Co.,  Inc., 
2162  Piedmont  Rd.  112v 

Avery,  Thomss  E.,  52  Montgomery  St..  S.  E.  1819as 
Dietterich.  Clarence  W.,  Managing  Dir.,  Southern 
Plywood  Mfgrs.  Assn.,  728  W.  Peachtree  St.,  N.W. 
(3)  1512V 

JMeredith.  W.  C.,  Jr.,  Pres.,  W.  C.  Meredith  Co., 
Inc.,  P.  O.  Station  A.  773v 

fRowell,  Joseph  G.,  1925  Ponce  de  Leon  Ave.,  N.E. 

567a 

Southern  Wood  Preserving  Co.,  (J.  A,  Vaughan, 
Research  Eng.),  P.  O.  Station  A  1150s 

fSugarman,  Nathan,  Research  Assoc.  Prof.,  Chem. 
Engrg.  Georgia  School  of  Tech.,  880  Cherry  St., 
N.  W.  730v 

Vaughan,  I.  A,,  Research  Eng.,  Southern  Wood  Pre¬ 
serving  Company^.  P.  O.  Station  A  1150s 

fWaters.  Vincent  F.,  Gen.  Mgr.  &  Editor,  Southern 
Pulp  &  Paper  Manufacturer,  75  3rd  St.  212v 

Austell 

Collar.  W.  F.,  Manager,  Austell  Cabinet  Co.,  P.  O. 
Box  95  88  Iv 

Brunswick 

Whittle,  L.  A.,  Mgr.,  Wood  Procurement,  Brunswick 
Pulp  &  Paper  Co.  2340a 

Cordele 

Turner,  Ben  M.,  Assistant  Secretary  &  Treasurer,  Cor¬ 
dele  Sash,  Door  &  Lumber  Co.  1631v 

Ellijay 

Settel.  Lee  S..  General  Mgr.,  Appalachian  Oak  Flooring 
&  Hdwd.  Corp.,  Box  225  1856v 

Fargo 

Oettmeier,  W.  M.,  Pres.  &  Gen.  Mgr.,  Superior  Pine 
Products  Co.  285 Iv 


Griffin 

Joiner,  W.  L.,  Jr.,  Secretary-Treasurer,  Griffin  Wood 
Products  Co.  .  1720V 

Homerville 

Vousden,  John  A.  1361v 

Macon 

Doyle,  Howard  J.,  Area  For.,  Southern  Pulp  wood 
Conservation  Assn.,  1030  Carlisle  Ave.  26_31v 

MacGregor,  R.  Bruce,  Forester,  Southern  Pine  Ass'n., 
439  Rodgers  Ave.  2848v 

Willingham,  Spain,  Willingham  Sash  &  Door  Com¬ 
pany,  P.  O.  Box  196  2578v 

Valdosta 

Langdale,  Harley,  Jr.,  V.  P.,  The  Langdale  Company, 
P.  O.  Box  980  2452v 

Nichols,  Don  E.,  Pres.  &  Gen.  Mgr.,  Valdosta  Ply¬ 
woods,  Inc.,  P.  O.  Box  136  2536v 

Schoen,  Paul  W.,  Executive  Secretary,  Forest  Farmers 
Ass’n.,  P.  O.  692  2850v 

Waynesboro 

Stone,  D.  L.,  Jr.,  Vice  Pres.,  D.  L.  Stone  Lumber  Co., 
Inc.  2653V 


MARYLAND 

Baltimore 

Charshee,  Arthur  V.,  Arthur  V.  Charshee  &  Son  Co., 
818  Gorsuch  Ave.  (18)  2328v 

Hatchard,  D.  G.,  Sales,  Westinghouse  Electric  Corp., 
2519  Wilkins  Ave.  (3)  1860a 

Salt,  Albert  A.,  American  Lumber  &  Treating  Co.. 
Box  2765  (25)  1624v 

tShanks,  E.  C.,  Engr.,  Babcock  Mach.  Co.,  Inc.,  P.  O. 

Box  255  (3)  427v 

fWilson,  Thomas  A.,  Garden  Apts.,  Stoney  Run  Lane 
(10)  733v 

Wohlmuther,  August,  23  Clarendon  Ave.  (8  2069v 

Beltsville 

JHartley,  Carl,  Plant  Pathologist,  U.  S.  Bureau  of  Plant 
Industry,  Plant  Industry  Sta. — Forest  Pathlgy.  423v 
Long,  J.  D.,  Divisions  of  Agricultural  Eng.,  Agricultural 
Research  Center  130v 

Bethesda 

Eisinger.  Roger  W.,  Secretary,  Eisinger  Mill  &  Lumber 
Co.,  Bethesda  Ave.  (14)  1320a 

Chevy  Chase 

tKimbell,  Richard  G.,  Dir.  Tech.  &  Standards  Dept., 
Natl.  Lbr.  Mfgrs.  Assn.,  8  E.  Thornapple  St.  120v 

Hagerstown 

Beatty,  Harry  F.,  Superintendent,  Brandt  Cabinet 
Works,  Inc.,  Pennsylvania  Ave.  1504v 

Salisbury 

fCraig,  Walter  F.,  Sales  Mgr.,  J.  I.  Wells  Co.,  P.  O. 
Box  312  300V 

Rex,  Nugent  E.,  417  Druid  Hill  Ave.  2008v 

tWells.  J.  I.,  Owner,  J.  I.  Wells  Co.,  P.  O.  Box  312 

299V 

J.  I.  Wells  Co.,  (J.  I.  Wells,  Owner),  P.  O.  Box  312 

1454s 

Towson 

Zimmerman,  Harry  F.,  Cabinet  Engineer,  Bendix  Radio, 
Lanlea  Gardens.  R.  R.  S8  (4)  2378v 

Westempott 

tGerfin,  Robert  M.,  Field  Supervisor,  W.  Virginia  Pulp 
&  Paper  Co.  '  209v 

NORTH  CAROLINA 
Asheboro 

Cox,  Earl,  Earl  Cox  Lumber  Co.,  1003  Sunset  Drive 

2502V 

Asheville 

JHertzler,  Richard  A.,  Techno.  SE  For.  Expt.,  Station 
U.  S.  Forest  Service,  Federal  Bldg.  626v 

Todd,  Arthur  S.,  Jr.,  Forester,  SE  Forest  Experiment 
Station,  P.  O.  Box  58  1773v 

Biltmore 

Buchholz,  Robert  C.,  Forester,  Draper  Corp.,  Box  5183 

1967v 

Ixiughead,  Harvey  J.,  Consulting  Forester,  15  E.  Forest 
Road  l4l3v 

Black  Mountain 

Morgan.  Robert  K.,  Vice-Pres.,  Morgan  Mfg.  Co.,  Inc., 
Box  458  1072a 

Boomer 

Broyhill,  Vernon  2674as 

Burgaw 

Whitfield,  J  V.,  V.  P.,  Forest  Farmers  Assn.  Coop. 

2357V 
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Protection  Products  Manufacturing  Co. 

KALAMAZOO  99,  MICHIGAN 


contains  PENTAchlorophenol 


A  clean  penetrating  liquid  protection  that  stays  in  the  wood,  resists  leaching 
by  moisture  and  retains  maximum  water  repellent  efficiency  under  adverse 
conditions.  Used  on  structural  lumber  and  millwork,  cabinet  work,  sheath¬ 
ing,  flooring,  fence  post,  shipping  containers,  and  many  other  items  of  wood. 


Feel  free  to  consult  us  on  your 
Wood  Preservation  problems. 


GUARDS  WOOD 
AGAINST 


PROTECTS  WOOD 
AGAINST 


•  Swelling 

•  Shrinking 

•  Warping 

•  Checking 

•  Grain  Raising 


•  Fungus 

•  Stain 

•  Termites 

•  Carpenter  Ants 

•  Lyctus  Beetles 


409 


F  O  REST  PRODUCTS  RESEARCH  SOCIETY 


NORTH  CAROLINA— Continued 
Calypso 

Bryan,  B.  E.,  Secretary-Treasurer,  Calypso  Veneer  Co., 
Inc.  2654v 

Canton 

The  Champion  Paper  &  Fibre  Co.,  (W.  J.  Damtoff), 
Canton  Division  117^ 

DamtolT,  W.  J.,  Canton  Division  1177s 

Charlotte 

Ketchie,  Junius  M.,  Southern  Dist.  Sis.  Mgr.,  American 
Cyanamid  Co.,  3333  Wilkinson  Blvd.  2499v 

Maine,  Albert  B.,  Technical  Rep.,  Stein,  Hall  &  Com¬ 
pany,  Inc.,  1518  Providence  Road  (7)  1712v 

Yandle,  David  O.,  2629  Bay  Street  2459as 

Drexel 

Chapman,  G.  V.,  Drexel  Furniture  Co.  1057v 

Durham 

Avery,  Thomas  E.,  P.  O.  Box  4161,  Duke  Sta.  1819as 

Bliss,  Verne  F.,  Student,  Duke  University,  Box  5489, 
Duke  Station  2081as 

Childs,  Benjamin  G.,  Salesman,  Southern  Resin  Glue 

Co.,  300  Northwood  Circle  2478v 

tHarrar,  Ellwood  S.,  Prof,  of  Wood  Tech. — School  of 
Forestry,  Duke  Univ.  521v 

Huffman,  Jacob  B.,  317  W.  Trinity  Ave.,  Apt.  6  1597 

Kelly.  Jack  E.,  Student,  Duke  University,  Box  4298 
Duke  Station  2083as 

Koch,  Daniel  F.,  (Duke  University)  Box  4511.  Duke 
Sta.  2772as 

Marlin,  Clifton  B.,  Student,  Duke  University,  Box  4359 
Duke  Station  2084as 

Priest,  Richard  B.,  (Duke  University)  Box  4511,  Duk? 

„  Sta.  2773as 

Sprague,  Edward  D.,  Duke  Station,  P.  O.  Box  5494 

1377V 

Wackerman,  Prof.  A.  E.,  Duke  University,  Box  4744 
Duke  Station  2076v 

Elizabeth  City 

Griflfin,  Thomas  S.,  Mengel  Co.,  Box  50  2708v 

Fayetteville 

Horner,  Douglas  T.,  Plant  Manager,  Southern  Resin 
Glue  Co.  Box  352  2268v 

Rogers,  Hugh  R.,  Chemist,  Southern  Resin  Glue  Co., 
1606  Calcutt  St.  2477v 

Spurlock,  Harold  N.,  Chemist,  Southern  Resin  Glue 
Co.,  112  Stedman  St.  2641  v 

Thomason,  B.  H.,  Pres.',  Thomason  Plywood  Corp.. 

P.  O.  Box  352  2387v 

Rose,  Sol  C.,  (N.  C.  State  College),  205  Hillside 
Avenue  2745as 

Greensboro 

Petty.  David  H.,  President,  Charles  D.  Roberts,  700 
West  Lee  Street  2458v 

Sutton,  Claude  S.,  Sutton  Woodworking  Machine  Co., 
Sedgefield  Inn  2847v 

Henderson 

White,  William  B.,  903  Nicholas  St.  266las 

Hickory 

Bost.  C.  T.,  Treas.  &  Gen.  Mgr.,  Hickory  Manufac¬ 
turing  Company  2740v 

Lyerly,  Walker,  Jr.,  Gen.  Mgr.,  Hy-Lan  Furniture  Co., 
Inc.  2817V 

Richardson,  Robert  B.,  Apt.  3,  336  8th  Ave.  26l8as 
Hi^  Point 

Foscue,  Henry  A.,  Secy  &  Sales  Mgr.  Globe  Parlor 
Furniture  Co.,  P.  O.  Box  391  1652v 

Jones,  Wilbur,  Behr-Manning  Corp.,  301  West  Green 
St.  2853v 

Lehmman,  Clifford  E.,  Technician,  Peter  Cooper  Cor¬ 
poration  (Gowanda,  N.  Y.),  Box  1902  1828v 

Quigley,  R.  I.,  V.P.  of  Production,  Lilly  Co.,  1108 
Westwood  2806v 

fRedman,  Kenneth,  Owner,  Redman  Engrg.  Serv.  P.  O. 
Box  1820  316v 

Richards,  Dean  B.,  430  Friddle  St.  1960v 

Ryan,  J.  T.,  Exec.  VP,  Southern  Furniturers  Assn. 

Box  951  1505a 

Smith,  Remus.  Plant  Engr.,  Marsh  Furniture  Co.  1962v 
Weant,  Robert  D.,  Salesman,  Southern  Resin  Glue  Co., 
1112  Adams  2479v 

Kemersville 

Fulp,  C.  L.,  District  Manager,  The  Borden  Co.,  Chemi¬ 
cal  Div.  1543v 

Lenoir 

Broyhill,  Paul  H.,  Broyhill  Furniture  Factories,  Oak 
St.  2783v 

Lambert,  John,  Norman  and  Lambert  2823v 


Norment,  R.  E.,  Pres;-Treas.,  Kleemeier-Norment- 
Lambert,  Inc.,  P.  O.  Box  599  2224a 

Norment,  Richard  E.,  Jr.,  313  East  Ave.  1719as 

I  exingtoa 

Gordon,  J.  L.,  Manager,  Gordon  Veneer  Co.  1253v 
Myers,  R.  L.,  Supt.,  United  Furniture  Corp.,  P.  O. 
Box  536  2821v 

Lumberton 

Edens,  Wiley  R.,  Maxton  Rd.  2662as 

Mebane 

Smith,  Walton  R.,  Walton  Lumber  Co.,  Inc.  .  572v 
White,  S.  A.,  V.  P.,  White  Furniture  Co.  2391v 

Morganton  '  .  „  , 

Carey,  Charles  M.,  Jr.,  Wood  Technologist,  Drexel 
Furniture  Co.  2765v 

Collett,  Sterling  R.,  Henredon  Furniture  Industries, 

Inc.  1064a 

Newbem 

Hunter,  Lewis  T.,  R.  2  2685as 

North  Wilkesboro 

Justice,  J.  E.,  Jr.,  Pres.,  Oak  Furniture  Co.  1319a 

Williams,  Pat.  M.,  Jr.,  Moore  Dry  Kiln  (Jacksonville), 
914  -E’  St.  1824v 

Pisgah  Forest  _  _ 

tSchur,  Milton  O.,  Technical  Director,  Ecusta  Paper 

Corp.,  P.  O.  Box  200  171a 

Plymouth 

Bruce,  Robert  M.,  Plant  Mgr.,  Atlas  Plywood  Corp. 

2289V 

Raleigh  .  „  o 

Allen,  Thomas  E.,  Student,  (North  Carolina  State 
College),  Box  3702  2365as 

Barefoot,  A.  C.,  Jr.,  Student,  North  Carolina  State 
College,  Box  5391  State  College  Station  2355as 

Bethel,  James  S.,  Assoc.  Prof,  of  Forestry,  North 
Carolina  State  College  97v 

Bost,  Cecil  T.,  Jr.,  N.  Y.  State  College,  Box  5042 

2818as 

Boyce,  Steve  G.,  State  College  Station,  Box  5775  1367as 
Boyd,  Hubert  L..  Box  3769.  301  Becton  26l7as 

Bragg.  Arnold  W.,  1325  Mordecal  Dr.  2649as 

Bunch,  Jacob  R.,  2512  Clark  Avenue  246las 

tCarter,  Roy  M.,  Prof,  of  Wood  Utilization,  Forestry 
Division,  North  Carolina  State  College  183v 

Futrell,  Harold  P.,  919  W.  Unoir  St.  2666as 

Godsgin,  Davis  R.,  Student,  N.  C.  State  College,  5 
Rosemary  St.  1833as 

Hale,  Malcolm  M.,  1216  Courtland  Dr.  2684v 

Hobbs,  Milton  E.,  1016  Boylan  Drive  2457as 

Hudgins.  Horace  C.,  (North  Carolina  State  College), 
1806  Hillsboro  St.  2487as 

Key,  Kerford  Aldin,  North  Carolina  State  College,  Box 
4294,  Turlington  Dormitory  2822as 

Johnson,  E.  Sigurd,.  Ind.  Engr.  Dept.,  North  Carolina 
State  College,  Box  5547  305v 

Jones  Wade  T.,  1219  Duplin  Rd.  2671as 

Lampe,  John  G.,  Student,  305  Forest  Road  2592as 

Miller,  William  D.,  Assoc.  Professor  of  Forestry — 
Div.  of  Forestry,  North  Carolina  State  College  1721v 
Moreland.  Donald  E.,  Student,  Dept,  of  Botany,  N.  C. 

State  College  2110as 

Parks.  William  R.,  Co-ordinator  of  Student  Affairs. 

NCSC  School  of  Engineering  2546v 

Posey,  Heniy  G.,  301  Rick's  Hall,  State  College  2650as 
tPreston,  Richard  J.,  Jr.,  Division  of  Forestry,  North 
Carolina  State  College  523v 

Puckett,  Ferrill  R.,  25-E  Vetville  2672as 

Roane,  Arthur  C.,  Jr..  2510  Vanderbilt  Avenue  2465as 

Rowe.  Alton  F.,  Jr.,  3310  Bagwell  Dorm,  N.  C.  State 
College  2681as 

Tripp,  Charles  C.,  Student.  P.  O.  Box  5444  2380->s 

Vaughan.  John  Bassett,  North  Carolina  State  College, 
Box  3391,  Bagwell  28l6as 

Walker,  Ray,  Student,  North  Carolina  State  College, 
Box  4335  2l49as 

Ward,  Duane  Emery,  Jr.,  North  Carolina  State  College, 
Box  4294  2820as 

Watson,  Ovid  G.,  1720  Hillsboro  St.  2673as 

White,  John  B.,  School  of  Forestry  2651as 

Willis,  TTiomas  L.,  Apt.  4-C  Vetville  2464as 

Wyman,  Lenthall,  Professor  of  Forestry  N.  C.  State 
College  1186v 

Siler  City 

Clapp.  Byron  S.,  Asst.  Supt.,  High  Point  Bending  & 
Chair  Co..  Box  481  2256v 

Smithfield 

Reed,  Robt.  E.,  Consulting  Forester  &  Saw  Mill  Opera 
tor,  Reed  Forestry  &  Equip.  Co.,  Box  102  528v 
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WALLBOARD  MILLS 

use 

DOWNINGTOWN 

machinery 

Our  machinery  is  used  in  95%  of  the  mills 
producing  insulating  and  hard  wallboard 
in  the  United  States.  And,  the  majority 
of  the  large  wallboard  mills  throughout 
the  world  use  Downingtown  equipment. 

DOWHINGTOWN  MANUFACTURING  COMPANY 

DOWNINGTOWN,  PA. 

Pacific  Coast  Reprosontativo;  John  V.  Roslund,  Pacific  Bldg.,  Portland  4,  Ore. 

Export  Engineering  Department;  U.  S.  Wallboard  Machinery  Company,  90  Broad  Street,  New  York  4,  N.  Y, 

DESIGNERS  AND  BUILDERS  OF  PAPER  AND  BOARD  MAKING  MACHINERY  SINCE  1SB0 
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NORTH  CAROLINA— Continued 
Sylva 

Evans,  Joe  T. 


VIRGINIA 

Alexandria 

2675as  Cline,  B.  G.,  Jr.,  103  W.  Mason  Ave.  1268v 


Tarbora 

Martin,  Prescott  L.,  Sales  Engr.,  Earl  Hart  Wood¬ 
working  Machine  Co.,  P.  O.  Box  414  2832v 

Thomasville 

Finch,  Tom  A.,  Jr.,  Thomasville  Chair  Co.  1680s 
Rodgers,  James  A.,  7  College  Ave.  2706as 

Rothrock,  Lenvel,  Pres.,  Commercial  Carving  Company 

2786v 

Thomasville  Chair  Co.,  (Tom  A.  Finch,  Jr.)  1680s 

Wilmington 

Colucci,  John,  Jr.,  Secy-Treas.,  Southern  Box  &  Lum¬ 
ber  Co..  Box  627  1201V 

Johnson,  Robert  B.,  1920  Pender  Ave.  1312v 

fWright,  Paul  W.,  Industrial  Forester,  Traffic  Dept., 
Atlantic  Coast  Line  R.  R.  Co.  430v 

Winston-Salem 

Bagnal,  L.  N.,  Owner,  L.  N.  Bagnal  Co.,  P.  O. 

Box  2896  (1)  2385a 

Burge,  W.  E.,  Chief  Engr.,  B.  F.  Huntley  Furniture 
Co.  2782V 

Lamson,  Charles  P.,  SLS  Engr.,  Earl  Hart  Woodwork 
Machine  Co.,  P.  O.  Box  359  2831v 

Stockton,  R.  M.,  B.  F.  Huntley  Furniture  Co.,  P.  O. 
Box  1414  2199a 


SOUTH  CAROLINA 

Charleston 

Doughty,  Joseph  B.,  Research  Chemist,  Development 
Dept.,  West  Virginia  Pulp  &  Paper  Co.  2451v 

Cleveland 

Stelling,  Carl  H.,  Buyer,  Georgia-Pacific  Plywood  & 
Lbr.  Co.  1943v 

Columbia 

Leek,  J.  B.,  Columbia  Lbr.  &  Mfg.  Co.,  P.  O.  Box  418 

2217V 

Conway 

Dargan,  E.  E.,  Lumberman,  Dargan  Lumber  Manufac¬ 
turing  Co.,  P.  O.  Box  406  1928v 

Stilley.  W.  A.,  Jr.,  Pres.  &  Treas.  Stilley  Plywood 
Co.,  Box  325  2760v 

Darlington 

Butler,  John  L.,  Wood  Technologist,  Darlington  Veneer 
Co.,  395(4  W.  Broad  Street  26l5v 

Denmark 

Zeigler,  R.  L.,  Coastal  Manufacturing  Co.  2633v 

Georgetown 

Lannan,  Peter  T.,  Jr.,  Mgr.,  W.  Virginia  Experimental 
Forest,  Box  531  2153v 

McDonald,  W.  S.,  International  Paper  Co.,  Container 
Div.  2275V 

Hamptpn 

tCutting,  E.  J.,  Asst.  Lab.  Director,  Plywoods-Plastics 
Corp.,  Box  11  *67  Iv 

tVaughan,  Thomas  H.,  Dir.  of  Research,  Plywood- 
Plastics  Corp.,  Box  301  605v 

Miley 

Lightsey  Brothers,  (Oswald  Lightsey,  Co-Owner  and 
Manager)  l}84s 

Lightsey,  Oswald,  Lightsey  Brothers  1384s 

Orangeburg 

tHaff,  E.  C.,  836  Edisto  Ave.,  N.  W.  598v 

Pickms 

Mitchell,  Thomas  J.,  Works  Mgr.,  Poinsett  Lumber  & 
Mfg.  Co.  1829v 

Spartanburg 

Deichman.  Mark  W.,  Taylor-Colquitt  Co.,  Experi¬ 
mental  Laboratonr  2072v 

Goodney,  Robert  F.,  Darworth,  Inc.,  118  C.  Morning- 
side  Drive  2361v 

tHudson.  Monie  S.,  Research  Chemist,  Taylor-Colquitt 
Co.,  Box  1491  128v 

tA.  B.  Taylor,  Pres.,  Taylor-Colquitt  Co.,  290  E.  Main 
St.  822v 

Sumter 

Lenox.  R.  G..  Production  Mgr.,  Williams  Furniture 
Corp.,  230  Broad  St.  •688v 

Quincy.  Lyman.  General  Manager,  Southern  Coatings 
&  Chemical  Co.  16l0v 


Aluvista 

Crafton,  John  M.,  Asst.  Plant  Mgr.,  The  Lane  Co., 
Inc.  2531V 

Lane,  Edward  H.,  Jr.,  The  Lane  Co.,  Inc.  1062v 
Smith,  Stephen  K.,  Wood  Research  Engineer,  The 

Lane  Co.,  Inc.  1349v 

Arlington 

Gill,  Thomas  G.,  509  N.  Oxford  St.  42v 

McNeice,  George  E.,  6022  9th  Rd.,  N.  780v 

Blacksburg 

Gordon,  Seth,  Jr.,  Asst.  Prof,  of  Forestry,  Virginia 
Polytechnic  Institute,  109  Cupp  St.  2009v 

Smith,  John  B.,  Professor,  Virginia  Polytechnic  Insti¬ 
tute,  Dept,  of  BioloCT  2830v 

tStern.  George  E..  Prof  of  Wood  Construction,  Engrg. 
Exp.  Station,  Va.  Polytechnic  Inst.  429v 


tNebesar,  Robt.  J.,  V.  P.  (Chief  Engr.),  Universal 
Moulded  Prod.  Corp.  Commonwealth  Ave.  69v 

Charlottesville 

tDean,  George  W.,  State  Forester  of  Va.,  State  Forest 
Service,  Box  1368,  Univ.  Sta.  331a 

Galax 

Ward,  D.  E.,  Pres.,  Webb  Furniture  Co.,  Inc.  2406v 
Lynchburg 

tR.  S.  Burruss  Land  &  Lbr.  Co.,  Box  129  869v 

Marion 

Lincoln,  J.  D.,  V.  P.,  Lincoln  Industries,  Inc.  2456v 
Martinsville 

Becker,  Bernard  C.,  Plant  Engr.,  Gravely  Novelty  Fur¬ 
niture  Co.,  11  Rivermont  Road  2824v 

McKay,  Robert  A.,  W.  N.  Bassett  Furniture  Co. 

1452a 


Portsmouth 

Riley.  Madison  M.,  Forester  &  Logging  Supt.,  Planters 
Mfg.  Co.,  Maryland  Ave.  (Box  556)  1825v 

Pulaski 

Foley,  Philip  S.,  8  "C”  Place — Macgill  Village  1378v 
Youngs,  Robert  L.,  21  "C”  Place — MacGill  Village 

1598v 


Richmond 

Long,  Raymond  V.,  Commissioner,  Div.  of  Planning  & 
Econ.  Development,  301  State  Finance  Bldg.  1838v 
Ridgeway 

Palmer,  R.  E.,  V.  P.,  Henry  Co.  Plywood  Corp.  1827v 
Roanoke 

Beatty,  Harry  EUiott,  Jr.,  N.  Y.  State  College,  Route 

4,  Box  446 

tCarroll,  W.  E.,  Methods  &  Standards  Engr.,  Johnson- 
Carper  Furniture  Co.,  1205  Floyd  Ave.,  Wasena 
(15)  777v 

Jordan,  Donald  L.,  Johnson-Carper  Furn.  Co.,  Drawer 
1220  (6)  1007V 

fThaden,  H.  V.,  Pres.,  Thaden  Jordan  Furniture  Co., 
Box  1141  272v 

Suffolk 

Ramsey,  Vernon  E.,  Box  7  1861a 


WEST  VIRGINIA 
Dailey 

Stewart,  Kenneth  S.,  Supt.,  Tygart  Valley  Wood  Prod¬ 
ucts  Corp.,  P.  O.  Box  8  1278a 

Elkins 

Fidler,  Harry  C.,  Allegheny  Lumber  Co.  1116a 

Huntington 

Bachrach,  J.  M.,  Pres.,  Huntington  Chair  Co.,  Box  2111 

2476v 

Griffith,  Luther  O.,  Griffith  Lumber  Co.  and  others. 
Guaranty  Bank  Bldg.  I308v 

Ritter,  E.  E.,  V.  P.  &  Treasurer,  Georgetown  Galleries, 
Inc.,  22nd  St.  &  2nd  Ave.  (19)  2491v 

Morgantown 

tMarra,  G.  G.,  Div.  of  Forestry,  Univ.  of  W.  Va.  58v 
Meisel,  C.  J.,  Owner,  Meisel  Machinery  Co.,  P.  O 
Box  63  (4)  2246v 

Moore,  Raymond  A.,  Memphis  Machinery  and  Supply 
Co.,  205  S.  Front  St.  2839a 

Possnack,  Nick  A.,  147  Newton  College  Park  1329v 
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Master  Mind"  of  the  Moore  Drying  System 


Let  the  Moore  Master  Recorder-Controller 
take  the  “guess”  out  of  lumber  seasoning 
— this  “master  mind”  of  the  Moore  Cross- 
Circulation  System  embodies  four  sepa¬ 
rate  controls: 

Controls  roof  ventilators  automatically, 
conserving  steam  and  fuel 

^  Controls  and  records  temperature  at 
green  end  of  kiln 

Controls  and  records  temperature  at 
dry  end  of  kiln 

'A'  Controls  and  records  humidity 

It  never  forgets — never  neglects — saves 
lumber — saves  steam — and  like  a  Moore 
Dry  Kiln,  it’s  built  to  last ! 


MoouIterKiur  Company 


Oldest  and  Largest  Monutacturers  of  Dry  Kilns  and  Veneer  Drye 


A  record  oi  100,000  hours  service 
established  by  the  original  Moore 
Master  Recorder-Controller  is 
proof  of  the  “know-how"  built  into 
this  precision  dry  kiln  instrument. 


MOISTURE  REGISTER 

r - ^ 

jUm  HEAD 

MONEY 

CAN 

•  Insures  quality,  tells  moisture  content  for 
best  wot^working  results. 

•  Saves  you  money,  helps  cut  freight  costs. 

•  Protects  your  purchases,  makes  sure  orders 
are  filled  correctly. 

•  Increases  customer  goodwill  by  insuring 
your  deliveries  to  meet  customer  require¬ 
ments. 

A  standby  in  top  woodworking  shops,  this  Huther 
profit-producing  tool  will  cut  perfect  grooves  from 

Vt"  to  4*  and  over  with  or  across  the  grain.  Can 
be  made  to  fit  any  saw  mandrel.  Easy  to  keep 
in  top  condition.  Write  for  folder. 

Moisture  Register  instruments  test  moisture 
content  in  wood  and  wood  products  from  0 
to  25%  with  guaranteed  performance.  There’s 
a  model  for  every  purpose,  priced  for  every 
budget.  10-day  free  trial  offer.  No  obliga¬ 
tion!  Write  today,  outlining  your  require¬ 
ments.  Ask  for  information  on  Moisture 
Register  instruments  specially  designed  for 
the  textile,  leather,  paper  and  wood  industries. 

MOISTURE  REGISTER  CO. 

1510  West  Chestnut  St.  Alhambra,  Calif. 
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ILLINOIS 
Aurora 

^luschler,  A.  F.,  Student,  642  Lafayette  St. 

Caledonia 

Kelley,  James  D.,  Student,  University  of  Michigan 
Calumet  City 

Norman,  Thomas  S.,  Chief  Chem.,  Catalin  Corp.  of 
America,  Box  58  2750v 

Chicago 

Adler,  S.  E.,  Dir.  of  Design,  Admiral  Corp.,  3800 
Courtland  St.  967v 

Aetna  Plywood  &  Veneer  Co.,  (George  Sellers),  1731 
Elston  Ave.  (22)  1340s 

Allegretti,  Joseph  J.,  Masonite  Corp.,  Ill  W.  Wash¬ 
ington  St.  (2)  5l4v 

Ai^ell,  H.  W.,  Wood  Technologist,  Amer.  Lumber  & 
Treating  Co.,  332  S.  Michigan  Ave.  Il4v 

Art,  Richard  C.,  Managing  Editor,  Wood  Magazine, 

139  North  Clark  St.  104ls 

Aufrecht,  Frederick,  Partner,  Industrial  Distributing 
Co.,  618  W.  Randolph  St.  (6)  1342a 

tBalster,  Wilmer  J.,  Don  L.  Quinn  Co.,  3511  N.  Shef¬ 
field  Ave.  (13)  694v 

tBarshefsky,  Gustave,  Chief  Chemist,  The  Elmendorf 
Corp.,  332  W.  Washington  St.  (6)  558v 

Beddoes,  R.  D.,  Industrial  Engr.,  C  &  NW  Railway 
Co.,  Room  1120—400  W.  Madison  St.  (6)  2570v 

Bentley,  Thomas  L.,  Georgia  Pacific  Plywood  &  Lum¬ 
ber  Co.,  332  S.  Michigan  Ave.  (4)  1556v 

Berkey,  William  E.,  Engineer,  Westinghouse  Electric 
Corp.,  20  N.  Wacker  Drive  (6)  1375v 

fBlackSurn,  J.  B.,  Mgr.-Sec.,  Insulation  Board  Institute, 

111  W.  Washin^on  St.  568v 

Bond,  Ralph  A.,  Pres.,  Ralph  A.  Bond  &  Associates, 

220  E.  Pearson  St.  (11)  ll69v 

Brown,  Kenneth  R.,  Dir.  of  Varnish-Resin  Lab., 

Sherwin-Williams  Co.,  115th  St.  &  Cottage  Grove 
Ave.  (28)  2643 

Burgee,  Joseph  Z.,  Partner,  Holabird  &  Root  &  Burgee. 

180  N.  Wabash  Ave.  (1)  2386a 

tCarlberg,  Gunther,  Secy.  Mgr.,  Central  Wooden  Box 
Assoc.,  Room  2019,  1  No.  La  Salle  St.  (2)  756v 

Carlson,  C.  E.,  Treas.,  Johnson  &  Carlson,  848-864 
Eastman  St.  (22)  1519s 

Carlson,  Clarence  G.,  Pres.,  Chicago  Curtain  Stretcher 
Co.,  1127  W.  37th  St.  (9)  2467v 

fCarlson.  Emil  A.,  Pres.,  Johnson  &  Carlson,  848  East¬ 
man  St.  (22)  755v 

Chapman,  A.  Dale,  President,  Chapman  Chemical  Co., 

333  N.  Michigan  Ave.  (1)  945 v 

tClose,  Charles  E.,  Exec.  V.  P.,  The  Veneer  Assn., 

600  S.  Michigan  Ave.  (5)  152v 

Connelly,  T.  J.,  Secretary,  The  Dean  Co.,  666  Lake 
Shore  Drive  (11)  l479v 

Cook,  Thomas  H.,  Technical  Div.,  National  Casein 
Sales,  601  W.  80th  St.  (20)  947v 

Cox,  John  M.,  Sales  Eng.,  Catalin  Corp.  of  America, 

221  N.  La  Salle,  Room  1119  (1)  2450v 

Craigo,  L.  W.,  Woodworkers  Works,  222-224  S. 

Jefferson  St.  (6)  1068a 

Eggert,  Norbert  J.,  Hartmann  Sanders  Co.,  2187  Elston 
Ave.  (14)  1302V 

tEllis,  Arthur  Leanord,  Asst,  to  Treas.,  The  Lehon 
Company,  4425  So.  Oakley  Ave.  (9)  707a 

tElmendorf,  Armin,  Pres.,  The  Elmendorf  Corp.,  322 

W.  Washington  St.  (6)  470v 

t Elston.  Judson  D.,  Labr.  Technician,  General  Box  Co., 

57  W.  Grand  Ave.  (10)  683v 

Embree,  H.  S.,  V.  P.,  Rittenhouse  &  Embree  Co., 

3500  S.  Racine  Ave.  (9)  394v 

Fader,  A.  L.,  Pres.,  A.  L.  Fader  &  Co.,  605  W.  Wash¬ 
ington  Blvd.  (6)  2133v 

Fitzpatrick,  James  R.,  Dir.  &  Partner,  Technical  Ply¬ 
woods,  228  North  La  Salle  St.  (1)  1373a 

Frey,  John  M.,  J.  M.  Frey  Co.,  624  S.  Michigan 
Ave.  (5)  1056v 

Gast,  George  A.,  Designer,  2547  N.  Mango  Ave.  (39) 

1601V 

Gerhardt.  H.  O.,  Chief  Architect  &  Eng.,  Edward 
Hines  Lumber  Co.,  2431  S.  Wolcott  Ave.  (8)  1304s 

fGottschalk,  Fred  W.,  Tech.  Dir.,  American  Lumber  & 
Treating  Co.,  332  S.  Michigan  Ave.  (4)  5v 

Grace,  G.,  Peter  Cooper  Corp.,  1455  No.  Magnolia 
Ave.  1221s 

Green,  Burdett,  American  Walnut  Mfrs.  Assn.,  660  N. 

Lakeshore  Dr.  (11)  988v 

tGullicksen,  W.  A.,  V.  P.,  Churchill  Cabinet  Co., 

2119  Churchill  St.  (47)  138v 
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Heidemann,  Charles  D.,  Dist.  Sales  Mgr.,  Hardwood 
Products  Corp.,  75  E.  Wacker  Drive  (1)  I6llv 

tHaack,  Lyle  C.,  Chief  Chemist,  Certain-teed  Products 
Corp.,  1230  West  Jackson  Blvd.  449v 

Hageman,  Gorden  F.,  The  Norwood  Mfg.  Co.,  925  S. 

Homan  Avenue  (7)  1088v 

fHarper,  William  R.,  Salesman,  George  M.  Harper 
Sales  Co.,  322  So.  Mich.  Ave.  (4)  781v 

Herweg,  William  J.,  1818  N.  Nordica  Ave.  (35) 

1855v 

tHicks,  P.  R.,  Sec. -Mgr.,  Serv.  Bureau,  American  Wood- 
Preservers’  Assoc.,  Ill  W.  Washington  St.  (2)  486v 
Edward  Hines  Lumber  Co.,  H.  O.  Gerhardt,  Chief 
Architect  &  Engr.,  2431  S.  Wolcott  Ave.  (8)  1304s 

Hoerner,  Fred  A.,  Pres. — Rockwell  Corp.,  Suite  1725 — 
Civic  Opera  Bldg.,  20  N.  Wacker  Drive  (6)  1254v 

tHribar,  V.  F.,  Chief  Chemist,  American  Lbr.  &  Treat¬ 
ing  Co.,  332  S.  Michigan  Ave.  (4)  115v 

Johnson  &  Carlson,  (C.  E.  Carlson,  Treas.),  848-864 
Eastman  St.  (22)  1519s 

tjohnson,  A.  E.,  Asst,  to  Chief  Purch.  Oflfice,  C.  M.  St. 

P.  &  P.  Ry.  Co.,  Union  Station  (6)  56la 

tjohnson,  R  W.,  Mgr.,  Johnson  Mill  Co.,  1215  Belmont 
Ave.  (13  )  646v 

tjoseph,  Alan  H.,  V-Pres.,  Handy  Mfg.  Co.,  2432  W. 

Lawrence  Ave.  (25)  783v 

tKehoe,  H.  B.,  Pres.,  Gillis  &  Co.,  29  E.  Madison  St. 

(2)  286v 

tKeith,  L.  P  ,  Bldg.,  Code  Engr.,  Natl.  Lbr.  Mfgs. 
Assn.,  176  W.  Adams  St.  (3)  285v 

Kendrick,  John  W.,  Engineer,  Met-L-Wood  Corp., 

6755  W.  65th  St.  (38)  1119v 

tKlesnor,  Walter  C.,  Sales  Engr.,  J.  O.  Ross  Engrng. 

Corp.,  201  N.  Wells  St.  (6)  233v 

Knourek,  W.  V.,  Woodworkers  Tool  Works,  224  S. 

Jefferson  St.  (6)  '  1069a 

Koll,  Robert  H.,  V.P.,  Hartmann  Sanders  Company, 
2187  Elston  Ave.  (14)  1301v 

fKraft,  Maurice  M.,  President,  Kraft  Chemical  Co., 
917  W.  18th  St.  856a 

fKral,  Frank  J.,  Gen.  Mgr.,  Wood  Industries  Control 
Service,  3305  Cermak  Rd.  (23)  I6lv 

Kreider.  Charles  M.,  Treas.,  Elmendorf  Research  Inc., 
322  W.  Washington  St.  (6)  1675* 

tLance.  O.  C..  Sec. -Mgr.,  Natl.  Door  Mfgrs.  Assn., 
332  S.  Michigan  Ave.  (4)  47v 

Lane,  Leonard  B.,  Armour  and  Co.,  1355  West  31st 
St.  (9)  1531V 

Larson,  Matt  L.,  Gen.  Mgr.,  Earle  Hart  Woodworking 
Machine,  565  W.  Washington  Blvd.  (^  1821v 

Lazarus,  Norman,  Supt.,  M.  I.  Naken  C.O.,  2050  No. 

Larrabee  St.  (14)  1815v 

Lorenzini,  E.  M.,  Mgr.,  Bitusize  Sales,  Amer.  Bitumils 
Co.,  600  S.  Michigan  Ave.  (5)  389v 

MacNair,  C.  S.,  Consultant,  Acme  Steel  Co.,  2840 
Archer  Ave.  (8)  2665 v 

fMaier,  Walter  L.,  W.  L.  Maier  Lumber  Co.,  53  W. 

Jackson  Blvd.  (4)  753v 

tMarsh,  A.  Fletcher,  Pres.,  Marsh  &  Truman  Lbr.  Co., 
Room  2017,  332  S.  Michigan  Ave.  (4)  59v 

Masterson,  Frederick  A.,  VP,  American  Crossarm  & 
Conduit  Co.,  22  W.  Monroe  St.  (3)  1235* 

McCarthy,  J.  C.,  Secretary,  Nat’l.  Ass’n.  of  Furniture 
Mfg.,  Room  2140,  6^  Lake  Shore  Dr.  (11)  1481s 

McGinn,  John  T.,  Somerville  McGinn  Lbr.  Co.,  308 
W.  Washington  St.  (6)  lOWa 

Mertes,  Joseph  F.,  President,  R.  S.  Bacon  Veneer  Co., 
4702  West  Augusta  Blvd.  (51)  1893v 

Morton,«David  B.,  411  Fullerton  Parkway  (14)  2187a 

Nat'  Assn,  of  Furniture  Mfg.  (I.  C.  McCarthy,  Secre¬ 
tary),  Room  2140 — 666  Lake  Shore  Drive  (11)  l481s 
Owen,  Haloid  P.,  Sales  Engr.  Mgr.,  Sterling  Tool 
Products  Co..  1340  N.  Milwaukee  Ave.  (22)  1965v 

tPandel,  Carl  R..  Technol.  &  Research  Eng.,  Marsh 
and  Truman  Lumber  Co.,  332  S.  Michigan,  Chi¬ 
cago  (4)  643v 

fPendleton,  M.  B.,  Editor,  Wood  Products,  431  So. 
Dearborn  St.  (5)  647a 

Peter  Cooper  Corps.,  (G.  Grace,  R.  Garvey,  K.  Over¬ 
holt),  1455  No.  Magnolia  Ave.  1221s 

tPfund,  Adolph,  Sec.,  Wood  Work  Jobbers  Ser.  Bureau, 
30  N.  U  Salle  Bldg..  Suite  325  (2)  35v 

Puff,  Henry  B.,  Durez  Plastics  &  Chemicals,  Inc.,  221 
No.  La  Salle  St.  (1)  2197v 

tQuinn,  Don  L.,  Box  Testing  Lab.,  Don  L.,  Quinn  Co., 
224  W.  Kinzie  St.  (10)  245v 

Ratcliff,  R.  V.,  Lumber  Sc  Forest  Products  Sales.  332 
South  Michigan  Ave.  (4)  l651v 


NORTH  CENTRAL  REGION 

1263as 
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How  to  Approach  a  Gluing  Job 


Call  on  Westinghouse  for  profitable  assistance  with 
your  gluing  jobs.  Radio  Frequency  gluing  saves 
time  and  material  and  permits  cost  reductions. 
Westinghouse  offers  you: 

1.  R.F.  generator  equipment.  Westinghouse,  with 
the  most  complete  line  in  the  industry,  furnishes 
exactly  the  right  generator  for  your  job.  Installa¬ 
tions  are  certified  to  meet  F.  C.  C.  regulations. 

2.  Engineering  assistance.  Westinghouse  provides 
experienced  engineering  help  on  your  particular 
wood  gluing  problem  and  is  prepared  to  give  you 
assistance,  engineering-wise  and  cost-wise. 


RF  HEATING 


A  Assembly  gluing. 


3.  Field  service.  To  protect  your  production  opera¬ 
tion,  Westinghouse  has  field  engineers  in  all  prin¬ 
cipal  cities  to  provide  you  with  service  and  consult¬ 
ing  facilities  at  all  times. 

Start  your  profits  on  the  way  up.  Increase  your 
shop  capacity.  Get  the  facts  on  how  Westinghouse 
R.F. gluing  can  solve  your  gluing  problems.  Ask 
for  Booklet  B-3946-B,  Radio  Frequency  Heating 
For  The  Wood  Working  Industry.  Call  your  local 
representative  or  write  Westinghouse  Electric  Cor¬ 
poration,  Department  FP,  2519  Wilkens  Avenue, 
Baltimore  3,  Maryland. 

J-Mttt 
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ILLINOIS— Continued 

Reno,  John,  Industrial  feng..  Pacific  Lumber  Co.,  35  E. 

Wacker  Drive  (1)  •  .  1348v 

Rubovits,  C.  A.,  VP,  Tht  Harmony  Co.,  3633  South 
Racine  Ave.  (9)  1250a 

Ruddick,  E.  W.,  Gefi,  Mgr.,  Ponderosa  Pine  Wood¬ 
work,  38  South  Detibdln  St.  (3)  1202v 

tSchreiber,  Alexandeni  Bog. -Sales,  Aetna  Plywood  & 
Veneer  Co.,  1731  ^tbO  Ave.  (22)  591v 

Schneider,  Eric  J.,  VP  gt  Secy.,  Engis  Equipment  Co., 
431  S.  Dearborn  St.  (5),  1172a 

Sellers,  G..  Aetna  PlyWottd  &  Veneer,  1731  Elston  (22) 

^  1340s 

Soper,  James  P.,  Jr.;  Pttsident,  Soper-Wheeler  Co., 
30  N.  Michigan  Ari.,  Room  1202  (2)  888v 

Stein,  Lester,  Vogue  Furniture,  Inc.,  2740  W.  Chicago 
Avenue  ,  2166v 

Steinbauer,  W.  M.,  The  Wabash  Screen  Door  Co., 
310  S.  Michigan  Ate.  (4)  2113a 

fStolle,  Arthur  E.,  Plywood  Salesman,  Hoosier  Panel 
Co..  6126  N.  Knog  Av*.  (30)  170v 

Strong,  Casper,  Saley  toglneer,  Bakelite  Corp.,  230  N. 

Michigan  Ave.  (1)  1130v 

tSweeney,  John  H.,  ACtha  Plywood  &  Veneer  Co., 
1731  Elston  Ave.  (22)  593v 

tSyversen,  Geo.  M.,  h/gf.  Sales  Engrg.,  Masonite  Corp., 
Ill  W.  Washingtoll  St.  (2)  210v 

Thomas,  F.  H.,  Sherwin-Williams  Co.,  U5th  &  Cottage 
Grove  Ave.  (28)  1583v 

Tinker,  George  H.,  Tech.  Dir.,  T.  F.  Washburn  Co., 
2244  Elston  Ave.  (14)  1248i 

Turley,  C.  D.,  Engineer,  Ties  &  Equip.  Ill.  Central 
RR.  135  East  11th  Place  939v 

Van  Allen.  L.  R.,  Treasurer,  L.  R.  Van  Allen  Co., 
404  North  Wells  St.  (10)  1881a 

fVan  Metre,  Ricker,  Pres.,  Wyoming  Tie  &  Timber  Co., 
400  W.  Madison  St.  (6)  l42v 

von  Maltitz.  H.  K.,  Plycor  Co.  Div.  of  Earle  Hart 
Woodworking  Machine  Co.,  565  W.  Washington 
St.  (6)  1922V 

fVanNess,  R.  A.,  Bridge  Engrg.  System,  A.  T.  &  S.  F. 

Ry.  Co.,  1237  Ry.  Exchange  Bldg.  (4)  451v 

Vyse,  T.  A.  Albert,  %  Arthur  F.  Vyse  &  Co.,  549  W. 

Randolph  St.  (6)  1083v 

Wayman,  Paul,  Vice  President,  American  Lumber  & 
Treating  Co.,  332  So.  Michigan  Ave.  (4)  946v 

Weber,  R.  F.,  Mgr.  of  Materials  Handling  Research, 
International  Harvester  Co.,  5225  South  Western 

Blvd.  (9)  2031V 

White,  Chas.  H.,  Asst.  Sec..  American  Walnut  Mfgrs. 

Assn.,  666  N.  Lakeshore  Dr.  542v 

WCXDD,  (R.  C.  Art,  Managing  Editor),  139  N.  Clark 
St.  (2)  1041s 

Youngs,  Kenneth  W..  Plant  Engr.,  Edward  Hines  Lum¬ 
ber  Co.,  2431  S.  Wolcott  Ave.  (8)  1305v 

Cicero 

Bailey,  Roger  A.,  Sales  Manager,  Midwest  Div.,  The 
Arabol  Mfg.  Co.,  1835  S.  54th  Ave.  (50)  911v 

Decatur 

tAllen,  William  F.,  Mgr.,  Devel.  Div.,  A.  E  Staley 
Mfg.  Co.,  Eldorado  at  22nd  St.  (60)  256v 

'  DeKalb 

Miller,  J.  Axel,  Factory  Supt.,  Rudolph  Wurlitzer  Co. 

2300V 

Des  Plaines 

Hill,  Kimball,  Smith  &  Smith,  Inc.,  7l6  Lee  St.  1052v 
Effingham 

Gravenhorst,  ].  W..  Secy.  &  Gen.  Mgr.,  John  Boos  & 
Co.,  Inc.,  P.  O.  Box  627 — 1st  &  National  2315v 


Elgin 

tRinehimer,  Chas.  A.,  Pres.,  Rinehimer  Bros.  Mfg. 
Co.,  Kimball  at  N.  Grove  27v 

Evanston 

Newell,  H.  V.,  Lumber  Sales  Manager,  Edward  Hines 
Lumber  Co.,  Ridgeview  Hotel  1380v 

Forest  Park 

Mitchel,  Leonard  O.,  Mitchell  Moulding  Co.,  1501 
Circle  Ave.  1209v 

Highland  Park 

Durbahn,  Walter  E.,  Chairman,  Vocational  Education, 
Highland  Park  High  School  2324v 

Joliet 

tLowther,  Harry  A..  Industry  Ave.,  Box  1412  93v 

Winther.  Kaj  I.,  VP.  V.  Berthelsen  Engineering  Works, 
119  North  Reed  St.  1789v 

Kankakee 

tSchall,  Walter  M.,  Kroehler  Mfg.  Co.  581v 


Ls  Grange  Park 

Stanley,  George,  Chief  Engr.,  W.  W.  Kimball  Com¬ 
pany,  1436  Morgan  261  Iv 

Lake  Forest 

Anderson,  Stanley  D.,  Architect,  Stanley  D.  Anderson  8c 
Asoc.,  270  Deerpath  2377v 

Lyons 

Lewis,  William  F.,  Vice-Pres.,  Lewis  Tar  Products  Co., 
P.  O.  Box  A  1136a 

Maywood 

Cantore,  John  J.,  Owner,  Cantore  Construction  Co., 
1200  S.  7th  Ave.  2346v 

Melrose  Park 

fBaltuth,  Otto,  Treating  Eng.,  Joslyn  Mfg.  &  Supply 
Co.,  341  Village  Dr.,  N.  Lake  Village  (3)  482v 

Metamora 

Blachek,  Jacob,  Supt.,  Metamora  Woodworking  Co. 

2220V 

Kalhorn,  W.  H.,  Gen.  Mgr.,  Metomora  Woodworking 
Co.  2219V 


Gould 


&  Co., 
2855V 


404  N. 
2331a 


Moline 

Ainsworth,  Charles,  V.  P.,  Dimock, 

2203  Third  Ave. 

Mount  Morris 

Kable,  Robert  R.,  V.  P.,  Kable  Bros.  Co. 

Wesley  Ave. 

Oak  Park 

Fishbaugh,  E.  J.,  Salesman,  Wood  Mosaic  Co.,  313  S. 

Elmwood  Ave.  964v 

fMitchell  Karl  M.,  Engineer  &  Manufacturer,  1116 

Washington  Blvd.  774v 

Oregon 

Behning,  Henry  G.,  505  N.  Sixth  St.  1099a 

Ottawa 

Sanders,  W.  C.,  409  W  Main  St.  963v 

Paris  „ 

tFoley,  Albert  C.,  Pres.,  T.  A.  Foley  Lbr.  Co.,  Inc., 
Box  336  562v 

Peotia  .  .  „  ,  . 

Howard,  Theron,  Hyster  Co.,  1800  N.  Adams  St.  (1) 

1017a 

McCraw,  W.  E.,  Logging  Engr.,  Caterpillar  Tractor 
Company  2604v 

River  Forest 

Carr,  R.  J.,  Salesman,  Amos  Thompson  Corp.,  110 
Gale  Avenue  2453v 

Rockford 

Billstrom,  Edwin  J.,  President,  Nels  J.  Billstrom,  Inc., 
1846-48  18th  Ave.  94 Iv 

Bover.  Ernest  C.,  Salesman,  Corboloy  Co.,  Inc.  421 
Welty  Ave.  2844v 

Greenlee  Tool  Co.,  (A.  H.  Hawkinson,  Ass’t  Sales 
Mgr.,  2136— 12th  St.  1175s 

Hawkinson,  A.  H.,  Greenlee  Tool  Co.  1175s 

Heid.  Fred  J.,  215  Paris  Ave.  2550v 

Hoeper,  Mark,  V.P.,  Solem  Machine  Co.,  668  Race  St. 

18q3a 

Mattison,  Arthur  M.,  Engineer,  Mattison  Machine 
Works,  545  Blackhawk  Pk.  Avenue  2221v 

Nyquist,  Bernhard  B.,  Designer,  Illinois  Cabinet  Co., 
2525— nth  St.  2283V 

Schaaf,  Karl,  Plant  Mgr.,  Menasha  Wooden  Ware 


Corp.,  13th  St.  &  19th  Ave. 


1846a 


Schmeling.  Albert  G.,  E.  W.  Schmeling  &  Sons,  Inc., 
119  Irving  Ave.  2845v 

St.  Charles 

tBerry,  Foster  W.,  12  So.  Twelfth  St.  278v 

Wheaton 

Pinkard.  Jacques  J.,  1501  East  Forest  Ave.  I449v 
tBailey,  Edward  T.,  Ed.,  Hitchcock  Publishing  Co.. 
222  E.  Willow  Ave.  25v 

Waukegan 

Miller,  Thomas  B.,  Student,  University  of  Michigan, 
906  Poplar  St.  1787as 

Union  ,  ^ 

Sanders,  H.  B.,  District  Manager,  The  Borden  Co., 
Chemical  Div.  1547v 

Urbana 

Kulp,  Donald  A.,  Dept,  of  Forestry,  University  of 
Illinois  ll63v 

Oliver,  Wm.  A.,  Prof.  Civil  Engr’g.,  University  of  Ill., 
402  Engineering  Hall  951v 

Steger 

Coddington,  Harold,  Steger  Furniture  Mfg.  Co.  2294s 
Steger  Furniture  Mfg.  Co.,  (Harold  Coddington,  Gen. 

Mgr.),  3321  Chicago  Rd.  2294s 

tWalters,  Charles  S.,  Asst.  Prof.,  Ill.  Agric.  Exp.  Sta¬ 
tion,  219  Mumford  Hall  18v 


416 


FOREST  PRODUCTS  RESEARCH  SOCIETY 


FOREST  PRODUCTS  RESEARCH  SOCIETY 


INDIANA 

Batesville  ...  ,,,, 

Bere.  Robert  L.,  Siy>t.,  Hillenbrand  Industries  2162a 
Bierbusse,  W.  H.,  Oen.  Supt.,  The  American  Furniture 
Co.  1260a 

Green,  Russell  W.,  Comptroller,  Union  Furniture  Co., 
210  W.  George  St.  1198v 

tThe  Dunbar  Furniture  Mfg.  Co.,  John  H.  Gividen, 
Exec.  VP  .... 

Gividen,  John  H.,  Exec.  V.  P.,  Dunbar  Furniture  Co. 

107v 

Sprunger,  Harold  D.,  Wood  Tech.,  Dunbar  Furniture 
Mfg.  Co.,  417  W.  Water  St.  2693v 

Sprunger,  Roger  L.,  Dunbar  Furniture  Mfg.  Co.  2731a 
Corydon 

Keller,  William  H.,  Secretary,  The  Keller  Manufac¬ 
turing  Co.  1528v 

Evansville  ^  ^ 

Karges.  Edwin  F.,  Pres.,  Karges  Furniture  Co.,  1501 

W.  Maryland  St.  (7)  1500v 

*'°NolMer'w.  K.,  President,  The  Noble  Machinery  Co., 
Inc.,  924  Hayden  St.  (1)  1210a 

tTaylor,  Robert  Brooks,  1717  W.  Main  St.  248v 

Gteencastle 

Barnaby,  C.  H.,  Mgr.,  Charles  H.  Barnaby  Lumber  Co., 
Box  157  2309V 

HuntingbuK 

Curtis,  Glen  D.,  Sales  Mgr., 

P.  O.  Box  430 

tStimson,  John  J.,  Sales  Mgr., 

Co.,  611  8th  St. 

Indianapolis  _  „  . ,  „ 

Boggess,  W.  Doyle,  Tech.  Dir.,  The  Beveridge  Paper 
Co.,  717  W.  Washington  St.  (4)  137v 

Cochran,  C.  E.,  President,  Mitchell  Veneer  Corpora¬ 
tion,  3711  East  Tenth  Street  (1)  1878v 

Daley,  Roland  B.,  Pres.,  Daley  Lumber  Co.,  Inc., 
635  N.  Pennsylvania  St.  (4)  1284v 

Elliott,  Richard  H.,  Purchasing  Agt.-Advt.  Mgr., 
Standard  Dry  Kiln  Co.  1232v 

Kinder,  Marion  T.,  Houghton  Lumber  Co.,  822  K  of  P 
Bldg.  1810as 

Rubin,  Harold  F..  Mgr.,  Kiln  Supply  &  Mfg.  Co., 
5825  Oak  Ave.  (19)  1992v 

Shattuck,  Daniel  W.,  President,  Dry  Kiln  Door  Carrier 
Co.,  1117  Cornell  Ave.  (2)  886a 

Vonnegut,  Anton,  Pres.  &  Mgr.,  Vonnegut  Moulder 
Corp.,  1819  Madison  Ave.  (2)  187}a 

fWelch,  John  B.,  V.  P.,  Standard  Dry  Kiln  Co., 
Box  544  47tv 

^  fhyen,  H.  E.,  Technol.,  Jasper  Wood  Products,  13ih 
&  Leopold  2130v 

Kendallville 

Ewan,  A.  J.,  G.  M.  Diehl  Machine  Works,  Inc., 
818  Mptt  2191V 

Holmes,  David,  O.,  Pres.,  Holmes-McCormick  Co., 
Inc.  1237V 


Chas.  E.  Francis  Co., 
2313a 

Huntingburg  Furniture 
289v 


Lafayette 

JKraemer,  Dr.  J.  Hugo,  Asst.  Prof.  Dept,  of  Forestry, 
Purdue  Univ.  556v 

Stark,  Eric  W.,  Assoc.  Prof.,  Dept,  of  Forestry,  Purdue 

University  590v 

Martinsville 

Patton.  C.  W.,  Pres.,  Old  Hickory  Furniture  Co., 

South  Cherry  St.  1537a 


Michigan  City 

Cook,  W.  A.,  Gen.  Lbr.  Agent,  Pullman  Standard  Car 
Mfg.  Co.  2363V 

Monticello 

Lilly,  George,  Supervisor-Purchasing  Sec.,  RCA  Victor 
Div.,  Radio  Corp.  of  American,  Nanawalt  Road 

1915V 

New  Albany 

Gunnison  Homes,  Inc.,  Wm.  J.  Messingschlager,.  Dir., 
Product  Developmental  Dept.,  Charleston  Rd.  1132s 
Messingschlager,  Wm.  J.,  Gunnison  Homes,  Inc., 

1132s 

tStem,  Richard  K.,  Treas.,  Chester  B.  Stem,  Inc.,  P.  O. 


Box  231  85v 

New  Castle 

Cline,  Delbert  C.,  H.  &  A.  Selmer,  Inc.  2077s 

McCord,  Harry,  Manager,  McCord  Plastic  Products 
Co.,  720  New  York  Ave.  1228v 

H.  &  A.  SELMER  INC.,  (Delbert  G.  Cline.  Dev. 
Eng.),  1617  "I”  Ave.  2077s 


Osceola 

Burk,  William  W.,  R.  1  1379v 

Peru 

tWallace.  Wm.  T.,  President.  W.  T.  Wallace  Mfg. 
Co.,  Inc.  835a 

Sewour 

tBurkhart,  Richard  L.,  President,  Swain  Industries,  Inc. 

57v 

tSwain,  Burton  F.,  Jr.,  Pres.,  Natl.  Veneer  &  Lbr.  Co. 

56v 

Shelbyville 

Joseph,  Henry  G.,  Pres.  &  Gen.  Mgr.,  Albert  Furniture 
Co.,  430  East  South  2345v 

South  Bend 

Freeman,  Dale  D.,  Plant  Mgr.,  Wells  Manufacturing 

Co.,  1701  So.  Main  St.  (23)  2033v 

Lehman,  Edgar  A.,  V.  P.,  Dir.  of  Research,  J..ehwood 
Corporation,  1703  Ironwood  (14)  I6l3v 

Wabash 

Hanchett,  Charles  L.,  Engineer,  G.  M.  Diehl  Machine 
Works,  Inc.,  127  N.  Wabash  1071v 

West  La  Fayette 

Van  Allen,  Ralph  G.,  Student,  Purdue  University,  116 
Marstellar  St.  1395a$ 


IOWA 


Ames 

Andrews,  Charles  W.,  Student,  Iowa  State  College, 
358  Friley  Hall  1809as 

Bauer,  T.  J.,  Student,  Iowa  State  College,  Box  741, 
Friley  Hall  1718as 

tBensend,  Dwight  W.,  Dept,  of  Forestry,  Iowa  State 
College  21v 

Brown,  Kenneth  D.,  Student,  Iowa  State  College.  117 
Ash  Ave.  1834as 

Coyle,  Charles  J.,  Box  632.  Friley  Hall,  Iowa  State 
College  1128V 

tGranson,  John  E.,  Forestry  Dept.,  Iowa  State  College 


Hansen,  Robert  A.,  Student,  Iowa  State  College,  3022 
Oakland  St.  1808as 

tHartman,  George  B.,  Head,  Dept,  of  Forestry,  Iowa 
State  College  776v 

Lang.  Jervis  W.,  Student,  2717  West  St.  1842as 

MacDonald,  G.  B.,  Head,  Forestry  Dept.,  Iowa  State 
College  1492v 

Martin,  John  R.,  Student,  Iowa  State  College,  867 
Pammel  Ct.  184las 

Muhm.  Robert  E.,  Student,  (Iowa  State  College).  263 
Pammel  Court  2485as 


Belmond 

Proeger,  Linden,  (Iowa  State  College),  R.  F.  D;  41 

2557as 

Clinton 

Beil,  F.  F.,  Curtis  Co.,  Inc.  1498s 

Curtis  Co.,  Inc.,  (Clinton  Div.),  (F.  F.  Beil,  Director 
of  Research),  114  Twelfth  Ave.,  So.  14985 

Patton,  Edward  A.,  Wood  Technologist,  Curtis  Com¬ 
panies,  Inc.  1701V 

Decorah 

Altfillisch,  Charles,  Architect,  126^2  W.  Water  St. 

2341V 

Des  Moines 

fHollett,  R.  E.,  Pres.,  Pioneer  Lumber  Co.,  Walnut 
Bldg.  (9)  350v 

Dubuque 

Loetscher,  Robert  F.,  Supt.,  Farley  &  Loetscher  Mfg. 
Co.,  Box  598  24l2v 

tNorman,  Wayne  A.,  Research  Engr.,  Carr,  Adams  & 
Collier  Co.  295v 


Iowa  City 

Kilpatrick,  Norman  L.,  State  University  of  Iowa, 

Libraries,  Serial  Acquisitions  l604v 

Manning 

Kinney,  C.  W.,  Plant  Mgr.,  Dultmeier  Mfg.  Co., 
803  Front  St.  2129v 

Van  Wert 

Boatman,  Robert  L.,  Sales  Rep.,  Masonite  Corporation 

2123v 

Waterloo 

Arnd.  Frederick  W.,  Plant  Supt.,  Waterloo  Wood 
Bearing  Company,  521  East  Seventh  Street  2086v 
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50  Yeors  of  Progress  in  the  Forest  Industry 


This  company  had  its  beginning  in  1900.  Since  that  day 
such  great  strides  have  been  made  in  the  development 
of  new  products,  in  forestry  and  utilization  that  this 
industry  is  today  a  dependably  permanent  one — pro¬ 
viding  steady  employment  to  more  than  12,500  persons. 

WEYEBHAEUSER  TIMBER  COMPANY 

WORKING  IN  THE  PACIFIC  NORTHWEST  TO  CREATE  PRODUCTS,  PAYROLLS  AND  PROFITS 
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MICHIGAN 

Adrian 

Stobbe,  Richard  A.,  Research  Chemist,  Kewaunee  Man¬ 
ufacturing  Co.  1572v 

^Sadferer,  A.  W..  Gen.  Plant  Mgr.  &  Naval  Arch.. 
Chris-Craft  Corp.  355v 

Allegan  _  . 

O’Meara,  Dennis  S.,  President,  Furniture  Masterpieces, 
Inc.,  Kent  Street  &  Milling  Road  I687v 

Ann  Arbor 

Bamborough,  James  E.,  (University  of  Michigan),  1705 
Hill  St.  ,  .  2586as 

Chang.  Ying-Pe,  Student,  University  of  Michigan, 
337  E.  William  St.  1739as 

Cheo,  Ying-^ang,  515  E.  Jefferson  St.  2704as 

Craig,  Robert,  Jr.,  Assoc.  Prof.  For.  Util.,  University 
of  Mich^an,  2046  N.  S.  Bldg.  919v 

tDana,  S.  T.,  Dean,  School  of  Forestry  and  Conserva¬ 
tion,  University  of  Michigan  72  Iv 

De  Young,  Robert  F..  212  Washtenaw  26l9as 

Durana,  Guillermo,  Student,  Univ.  of  Michigan,  1550 
Washtenaw  Ave.  1845as 

Hinken,  E.  W.,  813  E.  Kingsley  2587as 

Kim,  Myung  Soo,  807  S.  State  St.  2319as 

fKynoch,  William,  Prof,  of  Wood  Tech.  School  of 
Forestnr  &  Conserv.  864v  • 

Leigh,  Geoffrey,  N.,  (University  of  Michigan),  208 
Uoyd  House,  West  Quad.  2321as 

Marra.  Alan  A.,  Research  Engineer,  School  of  Forestry 
&  Conservation.  University  of  Michigan  587v 

Milham,  Robert  N.,  Student,  Univ.  of  Mich.,  330  S. 

Main  St.  1438as 

tPatronsky,  L.  A.,  Assoc.  Prof,  of  Wood,  School  of 
Nat.  Msources,  Univ  of  Mich.  712v 

Perrin,  Robert  L.,  1808  Hermitage  Rd.  1507as 

Preston,  S.  B..  School  of  Nat.  Resources,  Univers  ty 
of  Michigan  1267v 

Reicher,  Philip  Alan,  University  of  Michigan,  2006 
Wastenaw  2791as 

Schildge,  Paul  R.,  Student,  University  of  Michigan, 
603  E.  Madison  1783as 

Schwaner,  Robert  M.,  Student,  Victor  Vaughan  House 

1740as 

Sprunger,  Harold  D.,  Student,  University  of  Michigan, 
543  Church  St.  2135as 

Wagner,  Richard  J.,  (Univ.  of  Mich.),  725  Haven  St. 

2320as 

Williams,  John  P.,  43750  2nd,  Apt.  3  2047as 

Bay  City 

Kortge,  Russell  E.,  Mill  Room  Inspector,  Habitant 

Shops,  Inc.  1541v 

Big  Rapids 

Hanchett,  Kent,  Sales  Mgr.,  Hanchett  Mfg.  Co..  124 
Ives  Ave.  2041a 

Cadillac 

Barrowclough,  W.  V.,  VP  &  Mgr.,  Wood  Parts,  Inc. 

1247V 

tNord,  Louis  F.,  Plywood  Inc.  775v 

Charlevoix 

tFreedman,  Gordon  L.,  President,  Freedman  Artcraft 
Eng.  Corp.  818v 

Coleman 

Sprenger,  Gerald  E.,  R.  F.  D.  2622as 

Coloma 

Vandervoort,  John  E.,  392  Jackson  Ct.  2683as 

Corunna 

Marshall,  Virl  D.,  603  W.  Corunna  Ave.  1938v 

Detroit 

Buff.  Karl  E.,  Detroit  Div.,  National  Automotive 
(Fibres,  Inc..  19925  Hoover  Avenue  (5)  2257v 

Conner.  Ray  C.,  19322  Pierson  Ave.  (19)  1230v 

Finn,  Peter  G..  President.  Plywood  Builders  Supply 
Co.,  12644  Woodrow  Wilson  (6)  25Mv 

Gillespie.  J.  Stokes,  Sales  Engineer,  Wear  Parts,  Car- 
boloy  Company,  Inc.,  Box  237,  Roosevelt  Park  Annex 

1557V 

Hood,  George  W..  Pres.,  The  Chemiseal  Co.,  Inc., 
9516  Burnette  (4)  14l2v 

tKline,  Harry,  Manager  &  Tech.  Dir.,  Reichold  Chemi¬ 
cals  Inc.,  601  Woodward  Hts.  Blvd.  (20)  803v 

Leech.  Virgil  I..  Pres..  General  Hardwood  Co.,  7201  E. 

McNichols  Rd.  (12)  1246v 

McArthur,  D.  W.,  Reichhold  Chemicals,  Inc.,  Ml 
Woodward  Heights  Blvd.  (20)  1565v 

Morrison.  H.,  Chrysler  Corp.,  Cycleweld  Div.,  P.  O. 
Box  1259  (31)  1114a 


Robinson,  Lowell  V.,  Chief  Eng.,  Crawford  Door  Co., 
401  St.  Jean  Ave.  (14)  1417v 

Schulist,  1.  A.,  Midland  Glue  Prod.  Co.,  1478-88 
Madison  Ave.  (7)  106la 

Snyder,  Robert  E.,  571  West  Robinwood  (3)  2595as 

Spinnegan,  William  F.,  Salesman,  Monsanto  Chemical 
Co.,  827  Fisher  Bldg.  (2)  1730v 

fStoker,  Richard  S.,  Line  Stds.  Engr.,  Detroit  Edison 
Co.,  2000— 2nd  (26)  4p7v 

Webb,  James  R.,  President,  Michigan  Lumber  Fabrica¬ 
tors.  Inc.,  728  Fisher  Bldg.  2l47v 

Dollar  Bay 

tHorner,  John  S.,  Supt.,  Horner  Flooring  Co.  672v 

East  Lansing 

Deckert,  Russell  C.,  Dept,  of  Forestry,  Michigan  State 
College  1140V 

Guenther,  Kenneth  W.,  Instr.,  (Michigan  State  Col¬ 
lege),  M.S.C.  'Trailer  Camp:  C-20  2526as 

Guiher,  John  K.,  Michigan  State  College,  Forestry 

Dept.  1978V 

Kreutzman,  John  W.,  (Michigan  State  College),  West 
Shaw  Hall,  028  25l6as 

fPanshin,  Alexis  J.,  Prof,  of  Forestry,  Dept,  of  Forestry, 
Mich.  State  College  167v 

Parsons,  Ralph  H.,  530  Marshall  St.  2207a 

Putney,  Reid  T.,  Student,  (Michigan  State  College), 
336  North  Lawn  2488as 

Randel,  W.  C.,  Asst.  Prof,  of  Forestry,  Michigan  State 
College,  Forestry  Department  2663v 

Reneaud,  George  E.,  Michigan  State  College,  Short 
Course  Dormitory  2507as 

Rogers,  Charley  J.,  M.  S.  C.  Trailer  H-8  2698as 

Rogers,  Edward  R.,  Jr.,  (Michigan  State  College), 
902  Maple  Lane,  Apt.  B  2528as 

Tew,  James  K.,  409  B.  Willow  Lane  2463as 

Winkler,  Norbert,  433  Albert  Ave.  241 3as 

Woodruff,  John  B.,  Michigan  State  College,  535  Doro¬ 
thy  Lane  2794as 

Zeller,  John  L.,  Student,  Mich.  State  College,  808-D 
Maple  Lane  1982as 

East  Tawas 

Christeson,  Blaine  C.,  Engineer,  Anderson  Coach  Co., 
Bay  Street  2248v 

Filer  City 

Kataja,  Taisto  M.,  For.  American  Box  Board  Co.  2748v 
Flint 

Gardner,  Wilvan  A.,  Engineer,  1908  W.  Dayton  St.  (5) 

1573a 

Phelps,  Raymond  C.,  Flint  Rivet  Fuel  &  Lumber  Co.. 
Box  355  (1)  1423a 

Grand  Haven 

Faulkner,  M.  C.,  Plant  Manager,  Evans  Products  Co., 
Box  492  899v 

Grand  Rapids 

Geen,  Henry  C.,  Technician,  F.  M,  Curran  &  Assoc., 
710  Monroe  Ave.,  N.W.  (2)  2179v 

Andersen,  E.  J.,  Irwin  Seating  Co.,  1480  Buchanan. 

S.W.  (2)  2210V 

Atkinson,  Fred,  Perkins  Glue  Co.,  1133  Fuller  Avenue. 

N.  E.  1299v 

Baker.  B.  M.,  Vice  President,  Grand  Rapids  Chair  Co., 
1661  Monroe  Ave.,  N.  W.  1562v 

tBaker  Furniture,  Inc.,  Hollis  S.  Baker,  Pres.,  Exhibitors 
Bldg.  (2)  384s 

Baker,  Hollis  S.,  Baker  Furniture,  Inc.  384s 

Barnes.  Victor  S.,  Victor  S.  Barnes  &  Co..  1514 
Wealthy  Street.  S.E.  (6)  2466v 

tBennett,  Robert  H.,  Pres..  Stow  &  Davis  Futn.  Co.. 

70  Front  Ave.,  S.  W.  (4)  3l4v 

Bergsma,  Julius,  Partner,  Bergsma  Brothers,  1530  Blaine 
Aye.,  S.E.  (7)  l474v 

Christy,  Anthony  F.,  Supt.,  Imperial  Furniture  Co., 

1640  Broadway  Ave.  N.W.  (2)  l606a 

Clark,  Alexander  L.,  Klok  Institute,  714  Garfield. 

^N.  W.  2218as 

Cowlishaw,  J.  E.,  Mgr.,  Grand  Rapids  Wood  Finishing 
Co.,  53-71  Grandville  Ave.,  S.  W.  (2)  1780v 

Dingman,  Raymond  H.,  Chief  Instructor,  Klok  Institute, 

154  Louis  St.  (2)  940v 

Dregge,  John  W..  Exec.  VP,  Nichols  &  Cox  Lumber 
Co..  1035  Godfrey,  S.  W.  (2)  )  1372v 

Hancock,  C.  P.,  District  Manager,  The  Borden  Co., 
Chemical  Div..  1035  Jackson  St.,  N.  W.  1546v 

flmrie,  James  B..  Imrie  Dry  Kiln  Co.,  Michigan 

Trust  Bldg.  (2)  820v 

timrie,  James  E.,  Imrie  Dry  Kiln  Co.,  Michigan 

Trust  Bldg.  (2)  819v 

tKindel,  Charles.  Plant  Mgr.  &  V.  P.,  Kindel  Furn. 
Co.,  100  Garden  St..  S.  E.  387v 

Knies,  Victor  J.,  Klok  Institute,  154  Lewis  St.  (2) 

2204as 
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lower  cost 

production  woodworking 
with  faster 

Onsrud  machines 

New  designs  in  Onsrud  machines  today  offer 
the  woodworking  shop  the  opportunity  for 
keepine  production  costs  unusually  low. 
Onsrud  routers,  hand  shapers,  and  automatic 
shapers  all  represent  equipment  that  can  out¬ 
produce  even  those  machines  that  are  only  a 
few  years  old.  Typical  example  of  Onsrud  de¬ 
sign  advancement  is  the  new  WA-50-AS  Auto¬ 
matic  Shaper  which  makes  possible  high  speed, 
low  cost  inside-automatic-shaping  as  well  as 
standard  outside-automatic-shaping  .  .  .  for 
shaping  such  parts  as  bowls,  trays,  and  picture 
frames.  Write  for  complete  information  on  the 
new  Onsrud  machines  for  woodworking  ...  as 
a  first  step  in  lowering  your  cost  of  production. 

ONSRUD  MACHINE  WORKS  INC. 

3900  Palmer  Street  •  Chicago,  Illinois 
Sales  Offices  in  all  Principal  Cities 


NIAVT  DUIT  ROUTEIS  •  SNSPEIS  •  SCAIIING  AND  SPICIAl  MACHINES  •  MEDIUM  ROUTERS  •  TIITING  SPINDIE  SHAPERS  *  AUTOMATIC  SHAPERS 


HIGH  SPEED 
ACCESSORIES 


WOODWORKING  MACHINES..'.  PORTABLE  TOOLS.  ..AND 
FOR  ROUTING  AND  SHAPING  AND  RELATED  OPERATIONS 


CHEMICALS  AND 
OIL  SOLUTIONS 

.  .  .  for  .  .  . 

Wood  Preservation* 
Termite  Control 
Dimensional  Control 
'  Sap  Stain  Control** 

Treating  Plant  Equipment 


*  Sales  Agents  For: 
MONSANTO 
CHEMICAL  CO. 
St.  Louis.  Missouri 
Pentachlorophenol 


**  Sales  Agents  For: 

WYANDOTTE 
CHEMICALS  CORP. 
Wyandotte,  Michigan 
Noxtane 


UlOOD-TREnTIJnG 


5137  Southwest  Ave. 
St.  Louis  10,  Mo. 


Buy 

The  BEST  of  HARDBOARDS 

THE  NEW 


liKlI  H  ARD 
BOARD 


Made  by  a  special  controlled  process 
of  selected  Douglas  Fir  fibers  into 
Standard  Grade  and  Plastic  "treated”. 
Forest  Hardboard  panels. 

Thicknesses  of  3/16",  y^'^ 

Panel  sizes  of  4x4,  to  4x16  ft. 

For  literature  and  specifications 
write  to 

THE  FOREST  FIBER 
PRODUCTS  COMPANY 

Box  68 

FOREST  GROVE,  OREGON 
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MICHIGAN — Continued 

Larson,  W.  E.,  Mgr.,  Owner,  Fine  Arts  Furniture  Co., 
802  Monroe  Ave.,  North  (2)  1208a 

fLenderink,  H.  A.,  Wood  Tech.,  Stiles  Lbr.  &  Veneer 
Co.,  210  Murray  Bldg.  (2)  375v 

Lillie,  Robert  C.,  Sec.,  Johnson  Furniture  Co.,  1101 
Godfrey  Ave.,  S.  W.  (2)  934v 

Lindblom,  Robert  M.,  Rose  Mfg.  Co.,  1045  Kelsey 
St.,  N.E.  (5)  2445V 

Martin,  W.  E.,  Technical  Service  Director,  Grand 
Rapids  Varnish  Corp.,  1350  Steele  Ave.,  S.  W.  (2) 

1515V 

McCready,  Edward,  Grand  Rapids  Store  Equipment 
Co.,  1340  Monroe  Ave.,  N.W.  (2)  2206v 

Mclnnis,  Joe,  A.,  Y.M.C.A.  2293as 

McPhee,  John  E.,  Chief  Engr.,  John  Widdicomb  Co, 
601  5th  St.,  N.  W.  (2)  2509V 

tMeier,  George  D.,  Wood  Tech.,  Haskelite  Mfg.  Corp., 
701  Ann  St.  (2)  76lv 

Moore,  Robert  C.,  Klok  Institute,  154  Lewis  St.  2205as 
Nye,  Arthur  R.,  Student,  Klok  Institute,  154  Louis 
Street,  N.  W.  2227as 

Oberg,  William,  Chief  Chemist,  Wolverine  Finishes 

Corporation,  836  Chicago  Drive  (9)  2624v 

Perry,  Donald  G.  C..  Pres.,  Contract  Furniture  Co., 
507  Monroe  Ave.,  N.  W.  (2)  2102v 

Perschke,  Chester  A.,  American  Seating  Co.,  901  Broad- 
Way  Ave.,  N.W.  (2)  2200V 

Pryce,  Stephen  D.,  John  Widdicomb  Co.,  601  Fifth 
St.,  N.W.  2730V 

Sampson.  J.  A..  Pres..  Kent  of  Grand  Rapids  2325v 

Sands,  Waldo  M.,  Technologist,  1421  Robinson  Rd. 

(6)  2258V 

Sligh,  Charles  R.,  Jr.,  President,  Grand  Rapids  Chair 
Co.,  1661  Monroe  Ave.  (2)  1054a 

Steen,  W.  L.,  Michigan  Pattern  Works,  344  Commerce 
Ave.,  S.W.  (3)  2216v 

fStuart,  Alexander,  Prod.  Mgr.,  John  Widdicomb  Co., 
601  Fifth  St.  N.  W.  828v 

tTamminga,  S.  W.,  V.  P.,  Hekman  Furniture  Co., 
1400  Buchanan  Ave.,  S.  W.  (2)  392v 

Thoits,  Robert,  Production  Mgr.,  Murray  Furniture 
Co.,  Ionia  &  Logan  Sts.  (2)  2157v 

fTigelaar,  Jac.  H.,  Dir.  of  Research  &  Tests,  Haskelite 
Mfg.  Corp.  14v 

Van  Galen,  John,  Partner,  Rose  Manufacturing  Co., 

1110  Cooper  Ave.,  S.E.  2446v 


Gladstone 

Venne,  Stanley  R.,  Pres..  Northwestern  Veneer  & 
Plywood  Corp.,  N.  9th  St.  2390v 

Hancock 

Toole,  Arlie  W.,  Field  Tech.,  Forest  Products  Research 
Div.,  Mich.  Col.  of  Mining  &  Tech.,  311  Vivian  St. 

2438V 

Hastings 

Mattson,  L.  R.,  Grand  Rapids  Bookcase  &  Chair  Co., 
635  W.  State  St.  2213v 

Hennansville 

tEarle,  G.  Harold,  Wisconsin  Land  &  Lmbr.  Co.  582a 

Holland 

Bennett,  Robert,  Plant  Supt.,  Ply-Curves  Inc.,  128 
Fairbanks  Ave.  2064a 

Dick,  M.  Everett,  VP,  Buss  Machine  Works,  205  W. 

8th  St.  1229V 

Jander,  John,  Baker  Furniture  Co.,  Inc.,  1092 — South 
Shore  Dr.  2202v 

Houghton 

tGarland,  Hereford,  Director,  Forest  Products  Research 
Division,  Mich.  College  of  Mining  &  Technology 

83v 

Hooker,  Leland  W.,  Michigan  College  of  Mining  and 


Technology  2194v 

tKoepp,  Walter  H.,  Chemical  Engr.,  Michigan  College 
of  Mining  &  Technology  680v 

Ionia 

fBarnes.  Fred  C.,  Purchasing  Agent,  Ionia  Manufactur¬ 
ing  Co.  520v 

Iron  Mountain 

fFox.  Abbott  M.,  President,  Abbott  Fox  Lbr.  I45v 

Henze,  Walter  A.,  Consulting  Forester,  628  East  ‘C’  St. 

1257a 

Sperhake,  Neal  G.,  Forester,  William  Bonifas  Lumber 
Co.  1794v 

Ironwood 

Becker,  C.  H.,  President,  Ironwood  Trailer  Coaches, 
Inc.  2574v 

Kalamazoo 

tGarlick,  G.  G.,  Dir.  of  Research,  Protection  Products 
Mfg.  Co.,  Box  747  (99)  571v 


Lansing 

Billings,  George  E.,  Michigan  Dept,  of  Econ.  Develop., 
8l4Vi  South  Chestnut  2l46v 

Smith,  Norman  F.,  Forest  Management  &  Research, 
Michigan  Dept,  of  Conservation  (13)  1139v 

Manistique 

Prine,  R.  L.,  Gen.  Mgr.,  Michigan  Dimension  Co. 

i  1124v 

Marquette 

tGoos,  Arthur  W.,  Research  Director,  Cliff  Dow  Chemi¬ 
cal  Co.  36v 

Jenner,  R.  W.,  Gen.  Mgr.,  Cliffs  Dow  Chemical  Co. 

1236v 

fNunemaker,  M.  W.,  Gen.  Mgr.,  Munising  Wood 
Products  Co.,  Inc.  515v 

Reynolds,  Maxwell  K.,  Jr.,  Sec.-Treas.,  Ajax  Lumber 
Co.,  Union  National  Building  1558A 

Menominee 

Horton,  Henry  F.,  Asst,  to  the  Pres.,  The  Prescott  Co., 
1061  Sheridan  Road  1525v 

fLangill,  Ross,  Secy-Treas.,  The  Prescott  Co.  813v 
Washburn,  G.  R.,  Pres.,  Menominee  Box  &  Lumber 
Co.  2580V 

Midland 

tOlson,  George  E.,  Technical  Development  Sales,  The 
Dow  Chemical  Co.  203v 

The  Dow  Chemical  Co.,  (Frank  B.  Smith),  Technical 
Service  and  Development  Division  1559S 

Smith,  Frank  B.,  Dow  Chemical  Co.  1559s 

Muskegon 

Jacobson,  S.  P.,  Works  Manager,  The  Brunswick 
Balke  Collender  Co.,  1700  Messier  St.  1888v 

Nahma 

fLandon,  J.  S.,  Lumberman,  Bay  De  Noquet  Co.  536a 
Newberry 

tZagemeier,  C.  D.,  President,  Michigan  Pole  &  Tie  Co. 

742v 

Otsego 

Greene,  David  H.,  Paper  Mill  Mgr.,  Otsego  Falls  Paper 
Mills,  Inc.,  Farmer  Street  I448v 

Pickford 

Garrett,  R.  E.,  Dist.  Forester,  Wm.  Bonifas  Lumber 
Co.,  P.  O.  Box  135  2144v 

Reed  City 

fBugge,  John  A.,  Manager,  Osceola  Lumber  Co.  •693v 
Roval  Oak 

Beaver,  Harold,  Mgr.,  Big  Beaver  Specialty  Co.,  1659 
Rochester  Rd.,  R.  F.  D.  iJl  2095v 

South  Haven 

Everett  Piano  Co.,  (George  H.  Stapley,  Pres.),  Indiana 
Ave.  &  Elkenburg  St.  1212s 

Upsilanti 

Pastoret,  James,  424  W.  Forest  1822v 

Stepley,  George  H.,  Everett  Piano  Co.  1212s 

Wakefield 

tConnor,  Gordon  R.,  Mgr.,  Mich.  Div.,  The  Connor 
Lbr.  &  Land  Co.  141v 

The  Connor  Lumber  &  Land  Co.,  (G.  R.  Connor, 
Mgr.,  Michigan  Division)  1192s 

Willow  Run 

Burns,  Frank  L.,  Student,  University  of  Michigan,  1022 
Revere  Court  2046as 

McGee,  John  Thomas,  University  of  Michigan,  1368 
Weston  Ct.  2785as 

Scott,  Paul  L.,  University  of  Michigan,  School  of 
Natural  Resources,  1495  Sudburg  2792as 

Ypsilanti 

James,  Bill  N.,  Student,  West  Lodge  1358as 

Lecheler,  Louis  E.,  University  of  Michigan,  1500  Met¬ 
calf:  Willow  Run  Village  1843as 

Zeeland 

DePree,  Hugh,  Works  Manager,  Herman  Miller  Furni¬ 
ture  Co.,  Washington  Street  2186v 

MINNESOTA 
Albert  Lea 

Pederson,  Myron  K.,  Pres.  &  Gen.  Mgr.,  Super-  Struc¬ 
tures,  Inc.,  1015  S.  Jefferson  Ave.  2473v 

Bemidji 

Martin,  C.  A.,  Partner,  G.  R.  Martin  Lumber  Co., 
Birchmont  Road  2496v 

Brainerd 

tLoom.  A.  J.,  Gen.  Supt.  Timber  Pres.,  North.  Pac. 
R.  R.  565v 

Cloquet 

Wood,  Raymond  J.,  Forester,  The  Diamond  Match 
Co.  2274v 
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Since  1929  Hyster  Company  has  been 
identified  with  the  forest  products  indus¬ 
try.  .  .  .  Hyster  tractor  equipment,  made 
for  use  with  "Caterpillar"  track-type 
tractors,  includes  winches,  yarders  and 
donkeys,  arches  and  sulkies,  and  the 
Hystowoy  (combination  dragline,  clam¬ 
shell,  crane).  .  .  .  Hyster  lift  trucks  and 
straddle  trucks  include  7  models,  all  on 
pneumatic  tires,  ranging  in  capacity  from 
2000  lbs.  to  30,000  lbs.  .  .  .  Hyster  dis¬ 
tributors  and  dealers  are  located  in  prin¬ 
cipal  cities  throughout  the  world.  .  .  . 
Hyster  Company,  Portland,  Oregon; 
Peoria  and  Danville,  Illinois. 


HYSTER 

EQUIPMENT 
for  the 
Forest  Products 
Industry 
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Crosby 

Burns,  Kenneth  E.,  President,  Burns  Brothers  Co. 

2142V 


Duluth 

Holmes,  Carlton  A.,  Route  132,  Box  356-B  (3)  1331as 

King,  Arthur  W.,  Pres.,  Woodruff  Lumber  Co.,  Box  74 

2481V 


Eveleth 

Erson,  Roy  J.,  Mgr.,  Lumber  Yard,  Fullerton  Lumber 
Co.  1953V 


Faribault 

Boldt.  A.  W.,  Purchasing  Agent,  Peterson  Art  Furni¬ 
ture  Co.,  28  East  4th  St.  2405v 

Fergus  Falls 

Christopherson,  Arnold  I.,  Mgr.-Pres.,  Christopherson 
Engineering  Co.,  941  West  Cavour  2368v 

Grand  Rapids 

Johnson,  James  E.,  Blandin  Paper  Co.  1887v 


Hibbing 

Remington,  Winfield  A.,  Pres.,  W.  A.  Remington  Co., 
P.  O.  Box  98  1289a 

Sandberg,  Lynn,  Iron  Range  Resources  &  Rehabilita¬ 
tion,  Memorial  Bldg.  201 5v 


Hutchinson 

Goebel,  H.  M.,  Partner,  Goebel  Cabinet  &  Fixture  Co., 
528  &  540  Dale  St.,  S.W.  2474v 


International  Falls 

Chamberlin,  George  E.,  1314 — 2nd  Ave.,  East  2l43v 
Minneapolis 

Burrell,  Richard  D.,  Student,  University  of  Minnesota, 

179  University  Village  (14)  2112as 

tjensen,  C.  T.,  V.  P.,  Wheeler  Lbr.  Bridge  &  Supply 
Co.,  631  Lbr.  Exchange  Bldg.  539v 

Johnson,  C.  R.,  Mereen  Johnson  Machine  Co.,  4401 
Lyndale  Ave.,  No.  (12)  2250s 

Larkin,  A.  E.,  Mgr.  Rep.  Creosoting  Co.,  P.  O. 

-Box  68,  jSt.  Louis  Park  Sta.  (16)  966v 

Larson,  Clifford,  Asst,  to  Dir.  of  Res.,  Minnesota  & 
Ontario  Paper  Co.,  17  E.  54th  St.  962v 

Mereen-Iohnson  Machine  Co.,  (C.  R.  Johnson),  4401 
LynJale  Ave.,  N.  (12)  2250s 

Olson,  Howard,  Sales  &  Promotion,  Chapman  Chemical 

Co.,  4554 — l6th  Ave.,  So.  (7)  18l6v 

Skala,  J.,  G.  H.  Tennant  Co.,  2530  N.  Second  St. 

(11)  lOllv 

Stewart,  James  E.,  Gen.  Supt.,  G.  M.  Stewart  Lumber 
Co.,  421  Johnson  St.,  N.  E.  1946v 

tTegge,  A.  R.,  Jr.,  Asst.  Prof.,  Mech.  Engineering 
Dept.,  Univ.  of  Minn.  (14)  711v 

Wallin,  Walter  B.,  Student,  (U.  of  Minn.)  M.  B.  519. 
University  Village,  Como  &  29th  Ave.,  S.  E.  (14) 

I430as 

Winton,  R.  C.,  Winton  Lumber  Sales  Co.,  260  iFoshay 
Tower  1029v 

tWunderlich.  M.  S.,  Director  of  Research,  Minn.  & 
Ontario  Paper  Co.,  500  Baker  Ave.  (2)  8C9v 

New  Brighton 

French,  David  W.,  Student,  Univ.  of  Minnesota,  R.  1 

1 369as 

Wallin,  Merwin  J.,  Sec.-Treas.,  Walco  Industries,  Inc. 

2421V 


Redwood  Falls 

Sanders,  Parker  D.,  Owner  &  Mgr.,  The  Sanders 
Farms,  5th  &  Jefferson  Sts.  2397a 

St.  Louis  Park 

Seaquist,  Elbert  D.,  3929  Alabama  Ave.  (16)  2425as 


St.  Paul 

Blanchard,  Glenn,  Asst.  Chief  Engineer,  Rilco  Lami¬ 
nated  Products,  Inc.,  W-2369  First  National  Bank 
Bldg.  (3)  2582V 

Fish,  LeRoy  F.,  839  Curfew  St.  (4)  2414as 

Ford,  S.  M.,  Pres.,  Sifo  Co.,  353  Rosabel  St.  (1) 

1581V 

Henning,  Norman  E.,  Civil  Engr.,  Twin  City  Test  & 
Engineering  Laboratory,  2440  iFranklin  Ave.  (4) 

I4l8v 

fKaufert,  Frank  H.,  Chief.  Div.  of  Forestry,  Univ.  of 
Minnesota,  University  Farm  (1)  •  49v 

Kemp,  Arne  K.,  Student,  Division  of  Forestry,  Uni¬ 
versity  Farm  l688as 

fKluender,  William  A.,  Forestry  Agent,  C  &  N  W  Ry 
System,  275  E.  Fourth  St.  (1)  877v 

Lahey,  Arthur,  Mgr.  Spec.  Products, Weyerhaeuser  Sales 
Company,  Distrib.,  2062  W.  First  National  Bank 
Bldg.  (1)  670v 

Rilco  Laminated  Products,  Inc..  (M.  C.  Neel,  Chief 
Engr.),  First  National  Bank  Bldg.  (1)  1026s 


LaVoy,  Ortie,  Weyerhaeuser  Sales  Co.,  First  National 

Bank  Bldg.  (1)  206lv 

Neel,  M.  C.,  Chief  Eng.,  Rilco  Laminated  Products, 
First  National  Bank  Bldg.  (1)  1026s 

tSporly,  C.  M.,  V.  P.,  Valentine  Clark  Corp.,  2516 
Doswell  Ave.  (8)  490v 

Stone,  James  R.,  Sales  &  Eng.,  L.  Paulle  Midway  Co., 
407  N.  Hamline  2308v 

Villaume,  Frank  E.,  V.P.,  Villaume  Box  &  Lumber 
Co.,  70  W.  Indiana  Ave.  (1)  1795v 

tWilson,  Robert  E.,  Commissioner,  Iron  Range  Re¬ 
sources  &  Rehabilitation,  622  State  Office  Bldg.  (1) 

64lv 

Shokopee 

Fronshee,  P.  J.,  V.  P.,  Page  &  Hill  Co.  2470v 

Spring  Park 

John,  E.  T.,  Superintendent,  The  J.  R.  Clark  Co. 

1244v 


NEBRASKA 

Beatrice 

Briggs,  Elbert  A.,  Prod.  Mgr.,  Store  Kraft  Mfg.  Co., 
500  Irving  St.  2846v 

Jones,  M.  G.,  The  Store  Kraft  Mfg.  Co.  1018v 

King,  Bernard  W.,  The  Store  Kraft  Mfg.  Co.  1036v 
Morton,  Marion,  The  Store  Kraft  Co.  1035V 

Lincoln 

Fahnestock,  Charles  W.,  Co-Owner,  Fahnestock  &  Co., 
Bldg.  967,  Lincoln  Municipal  Airport  1700v 

Omaha 

Burritt,  W.  L.,  Pres.,  Midwest  Creosoted  Products  Co., 
1135  Redick  Tower  (2)  1751v 

tDrew,  L.  P.,  Asst.  Chief  Eng.,  Union  Pacific  RR.  Co., 
1416  Dodge  St.  (2)  649v 

Latenser,  Frank,  Architect,  John  Latenser  &  Sons,  1307 
Farnam  St.  (2)  2369v 

Slater,  James  P.,  Jr.,  Bradford-Kennedy  Co.,  Produc¬ 
tion  Control  Dept.,  3514  S.  25th  St.  (7)  2439as 


OHIO 


Ada 

Yale,  Rollin  H.,  529  Union  St.  2379as 

Bedford 

Crawmer,  James  R.,  Lumber  Director,  The  B.  L. 
Marble  Chair  Co.,  89  Willis  St.  1745v 

Blacklick 

Susil,  Frank,  McNally  Lumber  Co.,  1292  Taylor  Sta¬ 
tion  Rd.  2843v 

Blanchester 

Cramer,  Lloyd  Arthur,  (North  Carolina  State  College), 
511  West  Main  St.  2591as 


Celina 

Winogrond,  H.  R.,  Chairman  &  Gen.  Mgr.,  The  Mers- 
man  Bros.  Corp.,  West  Wayne  Street  1607a 

Cincinnati 

The  Baldwin  Co.,  (Lucien  Wulsin,  President),  1801 
Gilbert  Ave.  (2)  1206s 

Bill,  George  W.,  Avco  Mfg.  Corp.,  1329  Arlington  St. 

(25)  >  1033V 

Blum,  R.  J.,  Jr.,  Kirk  &  Blum  Mfg.  Co.,  2850  Spring 
Grove  Ave.  (25)  1153s 

Cummings,  J.  R.,  The  Borden  Co.,  Chemical  Div., 
158  Lafayette  Circle  (20)  2423v 

Gerhardt,  W.  J.,  Secy.-Treas.,  M.  B.  Farrin  Lumber 
Co.,  4322  Station  Ave.  (32)  1345v 

Gyourko,  Joseph  E.,  Vice  Pres.,  The  Rich  Ladder  & 
Mfg.  Co.,  5040  Lester  Rd.  (14)  2689v 

The  Kirk  &  Blum  Mfg.  Co.,  (R.  J.  Blum,  Jr.,  Pres.), 
2850  Spring  Grove  Ave.  (25)  1153s 

+Kraus,  Victor  J.,  Dir.  of  Purchasing,  The  Baldwin  Co., 
1801  Gilbert  Ave.  (2)  168v 

Ritman,  C.  J.,  V.  P.,  Rich  Ladder  &  Mfg.  Co.,  1028 
Depot  St.  (4)  2635V 

Schlueter,  Robert  H.,  Production  Engr.,  Vulcan  «Cor- 
poration,  612  First  Nat‘1  Bank  Bldg.,  4th  &  Walnut 
(2)  1623V 

Watts,  Paul,  Sales  Mgr.,  Hagemeyer  Lumber  Co., 

912  Second  National  Bank  Bldg.  (2)  1324v 

Wentworth,  T.  O.,  Pres.,  The  Vulcan  Copper  & 

Supply  Co.,  120  Sycamore  333s 

Wulsin,  Lucien,  Pres.,  Baldwin  Co.,  1801  Gilbert  (2) 

1206s 

Cleveland 

tBush,  H.  O.,  Tie  &  Timber  Agent,  Erie  R.  R.  Co., 
101  Prospect  Ave.,  N.  W.  (15)  431v 

Ferguson,  T.  H.,  The  American  Fork  &  Hoe  Co., 
1623  Euclid  Ave.  1042v 

Henderson,  W.  W.,  The  Special  Chemicals  Co.,  1545 
East  18th  St.  (14)  1890V 
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Have  You  Seen  The 

NO.  1000  CONTINUOUS  FEED  VENEER  JOINTER 


The  "Hold  Down”  Shoes  Are  Pneumatically  Operated 
Permitting  Perfect  Work  on  Extremely  Long  Stock 

Where  Desired  the  Machine  is  Equipped  with  a  Glue  Applicator 

Write  for  Further  Information 

VENEER  MACHINERY  COMPANY 

GRAND  RAPIDS,  MICH. 

MAKERS  OF  THE  DENNIS  TAPING  MACHINES 


SOUTHERN  PINE 

Americans  Most  Versatile  Building  Material 

High  in  strength,  Hardness,  Nail  Holding  Power 
and  Toughness. 

Accurate  Grading  Under  Industry  Standards  Assures 
Dependable  Quality. 

Aggressive  Forest  Management  Policies  Assure  a 
Permanent  Supply  of  Southern  Pine  Timber. 


SOUTHERN  PINE  ASSOCIATION 

NEW  ORLEANS,  LOUISIANA 
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Kulp,  Jacob  R.,  District  Manager,  Atlas  Plywood 
Corp.,  1105  Chester  Building  04)  2625v 

tLerch,  Carl  J.,  Woodwork  bngr..  White  Sewing 
Machine  Corp.,  17515  Glendale  Ave.  622v 

fPrescott,  Jos.,  Supvsg.  Engr.,  The  Cleveland  Elec. 

Illuminating  Co.,  75  Public  Sq.  (1)  519v 

Sanders,  Edward  H.,  Engineer,  The  Davis  Plywood 
Corp.,  12555  Berea  Road  (11)  l699v 

tWhitalcer,  Geo.  C.,  The  Harshaw  Chemical  Co.,  1945 
E.  97th  St.  574a 

Columbus 

Barr,  George  H.,  Buckeye  Screen  &  Weatherstrip  Co. 

1203s 

Buckeye  Screen  &  Weatherstrip  Co.,  (George  H.  Barr, 
Pres.  &  Gen.  Mgr.),  1365  So.  Ohio  Ave.  (6)  1203s 

Brundage,  Marsden,  Central  States  For.  Exp.  Sta.. 
68  E.  No.  Broadway  (2)  1024v 

tDay,  Ralph  K.,  211  Aldrich  Rd.  (2)  92v 

fHeiks,  Ray  E.,  Battelle  Memorial  Institute,  505  King 
Ave.  576v 

Irwin,  Walter,  Vice  President,  Union  Fork  &  Hoe 
Company  500  Dublin  Ave.  1875a 

Morgan,  Walter  E.,  President  &  Treas.,  Morgan  Lum¬ 
ber  Sales  Co.,  65  East  Broad  St.  (15)  914a 

tSharp.  A.  W..  Partner,  Columbus  Wood  Pres.  Co.. 

50  W.  Broad  (15)  44 3v 

tSnider,  Robt.  F.,  Dir.  of  Research,  The  Franklin  Glue 
Co.,  119  W.  Chestnut  St.  (15)  489v 

Geohegan,  Kenneth  P.,  Technical  Director,  Howard 


Dayton 

Paper  Mills,  Inc.,  115  Columbia  St.  (7) 


156lv 


Euclid 

Rathbun,  Donald  H.,  18870  Renwood  Ave.  (19)  1330v 

Hamilton 

Cohn,  Carl  K.,  (Iowa  State  College),  221  North  "F” 
St.  2559as 

Lang,  Bernard  C.,  Jr.,  McNally  Lumber  Co.,  2381 
Brentwood  Rd.  (9)  2842v 

•Lawrence.  W.  P.,  Res.  Dept.,  The  Champion  Paper  & 
Fibre  Co.  103v 

Leetonia 

DuBrucq,  Ray  C.,  Vice  Pres.  &  Gen.  Mgr.,  Crescent 
Machine  Div.  of  Rockwell  Mfg.  Co.,  P.  O.  Box  152 

2242V 

Lewistown 

Miller,  E.  Burns,  Partner,  E.  B.  Miller  Sawmill,  1295a 

Urtville 

tBescher,  R.  H.,  Mgr..  Tech.  Dept.,  Wood  Preserv. 
Div.,  Koppers  Co.,  Inc.  73v 

Painesville 

Spieldenner,  K.  L.,  Salesman,  The  Forest  City  Material 
Co.,  642  Fairfield  St.  1242v 

Port  Clinton 

Lafer,  Richard,  Michigan  State  College,  Rt.  1  2828as 

Ravenna 

Neikirk,  E.  D.,  STA-WARM  Electric  Co.  1183s 

STA-WARM  Electric  Co.,  (E.  D.  Neikirk,  Sales  Mgr.), 
553  N.  Chestnut  St.  1183s 

Shaker  Heights 

fBooty,  Raymond  G.,  17706  Scottsdale  Blvd.  156v 

Nolan,  Clifford  J.,  Jr.,  3249  Belvoir  Blvd.  (22)  2705as 

Swanton 

Pilliod,  George  L.,  The  Pilliod  Cabinet  Co.  2189v 
Toledo 

Bigelow,  Maurice  H..  Molding  Compound  Plant, 
Libby-Owens  Ford  Glass  Co.,  2829  Glendale  Ave. 
(6)  llOlv 

fErickson,  Lambert  T.,  Chief  Engr.,  The  Jennison- 
Wright  Corp.,  2463  Broadway  (1)  434v 

Plaskon  Div. — Libbey-Owens-Ford  Glass.  (R.  C.  Hes- 
selbart.  Tech.  Service  Dept.),  2112-24  Sylvan  Ave. 
(6)  1768s 

Walker,  Charles  E.,  Service  Engineer,  Plaskon  Div. 
Libbey-Oweps-Ford  Glass  Co.,  2112  Sylvan  Avenue 
(6)  2163a 

Warren 

Wood,  George  A.,  Commission  Lumber  Sales,  P.  O. 
Box  1006  2287v 

SOUTH  DAKOTA 
Aberdeen 

Linger,  C.  D.,  Secretary,  Dakota  Sash  &  Door  Co., 
P.  O.  Box  15  952v 

Clear  Lake 

Begalka,  Walter,  Jr.,  2519as 


Deadwood 

Elkins,  William  A.,  Supt.  of  Treating,  Northwest 
Wood  Preserving  Co.,  SSbVi  Williams  St.  2353v 
Rapid  City 

Myhren,  W.  P.,  Gen.  Mgr.,  Buckingham  Wood  Prod¬ 
ucts  Co.,  Box  1631  1804v 

Sioux  Falls 

Thornton,  Arthur  H.,  Gen.  Sales  Mgr.,  Northwest 
Wood  Preserving  Co.,  215  East  I4th  St.  (1)  1764v 

Vienna 

Feind,  Gene,  (Colorado  A  &  M  College)  2518as 

WISCONSIN 

Algoma 

Parnell,  Willis  E.,  Research  Engineer,  U.  S.  Plywood 
Corp.  (Algoma  Div.),  603  Adams  Street  2737v 

Afwletoa 

Bergman,  Stuart  I.,  Student,  Institute  of  Paper  Chemis¬ 
try  1359as 

Brauns,  Friedrich  E.,  Research  Assoc.,  Institute  of 
Paper  Chemistry,  306  E.  South  River  St.  2565v 
tisenberg,  Irving  H.,  Research  Assoc.,  The  Institute  of 
Paper  Chem.,  P.  O.  Box  498  313v 

Konz,  Rudolph  C.,  Appleton  Lbr.  Co.,  115  N.  Douglas 
St.  1189V 

tLewis,  Harry  F.,  Dean,  The  Institute  of  Paper  Chemis¬ 
try  5)9v 

Beloit 

Coon,  Byron  E.,  Sales  Mgr.,  Wisconsin  Knife  Works 

2533V 

Woeckel,  A.  H.,  Yates  American  Machine  Co.  996v 
Cedarburg 

Euler,  Carl,  Pres.,  Carl  Euler  Manufacturing  Co., 
51-57  Hanover  St.  2318v 

Cornell 

Heyder,  Carl,  Pres.,  Brunet  Manufacturing  Co.  2547v 
tPetersen,  Geo.  L.,  Resident  Mgr.,  Cornell  Wood  Prod¬ 
ucts  Co.  I65v 

Cumberland 

Cope,  Donald  B.,  Plant  Manager,  Hough  Shade  Corp- 
poration  1468v 

Eaj^e  River 

Suder,  Frank,  Supt.,  Northern  Crate  &  Lumber  Co. 

1774v 

Eau  Claire 

fLandino,  J.  W.,  Forester,  Sterling  Pulp  &  Paper  Co., 
Box  227  309v 

Fort  Atkinson 

Kreuger,  Robert  A.,  Engan-Braun  Lumber  Co.,  101 
Janesville  Ave.  1238v 

Gillett 

Blissett,  D.  O.,  Supt.,  Norcor  Mfg.  Co.  2841v 

Smith,  Walter  W.,  Linwood,  Inc.  987v 

Gr-'-n  Bay 

Kress,  George,  Pres.,  Green  Bay  Box  Co.,  1406  S. 

Broadway  2330v 

Lang,  Lloyd,  Green  Bay  Paper  &  Pulp  Co.  479v 

Schlegel,  W.  K.,  812  E.  Mason  St.  1729v 

Ilatland 

tHiller,  Robert  L.,  R.  Jtl  155v 

Janesville 

Hough,  Albert  E.,  VP,  Hough  Shade  Corporation,  1029 
South  Jackson  St.  I469v 

Kenosha 

White,  Earl  A.,  Supt.  of  Wood  Prod.  Div.,  Simmons 
Co.,  5511 — iFifth  Ave.  1421v 

Kiel 

Laun,  A.  A.,  Jr.,  Pres.,  A.  A.  Laun  Furniture  Co. 

2278V 

La  Crosse 

fKreutz,  E.  J.,  V-Pres.,  Segelke  &  Kohihaus  Co.  751v 
Ladysmith 

Peavy,  Harold  J.,  Gen.  Mgr.,  Peavy  Paper  Mills  (Inc.) 

1388V 

Madison 

tBaechler,  Roy  H.,  Chemist,  U.  S.  Forest  Prod.  Lab.  (5) 

ll6v 

Beglinger,  Edward,  Chemist,  Forest  Products  Labora¬ 
tory  1196v 

tBell,  Claude  C.,  Technologist,  U.  S.  Forest  Prod. 

Lab.  (5)  512v 

tBrouse,  Don,  Engineer,  U.  S.  Forest  Prod.  Lab.  (5) 

501v 

tCalderwood,  H.  N.,  3105  Cross  St.  (5)  696v 

tDrow,  John  T.,  Engineer,  Forest  Products  Laboratory 
(5)  765v 
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RESIN  GLUES 


FORDS 
NfW  JCRSET 


CALUMET  CITY 
rillNOIS 


THOMASViLLE  i  ' 
NORTH  CAROLINA 


NEWLY  COMPLETED  PLANT  &  STO 


ICCj  \ 


FACILITIES 


BRING  HIGHEST  STANDARDS  OF  GLUE  SERVICE  TO  THE 


I 


...IN  THE  HEART  OF 
FURNITURE  MANUFACTURING 


lE,  HO- 


WOODWORKING  INDUSTRIES  OF  THE  MID-WEST  AND  SOUTH! 

Catalin  Corporation  of  America  announces  the  completion  of  its  new,  modern  glue 
processing  plant  at  Calumet  City,  Illinois— and  new,  large  capacity,  low-temperature' 
storage  tank  facilities  at  Thomasville,  North  Carolina. 

Erected  in  the  very  heart  of  mid-western  and  southern  furniture  manufacturing,  both 
units  now  m'ake  it  possible  for  Catalin  to  almost  immediately  deliver  small,  medium  and 
large  quantities  of  Urea,  Phenol  and  Resorcinol  resins  and  powders  . ; .  thus  eliminating 
the  necessity  for  its  customers  to  carry  large  inventories.  Eastern  requirements  will 
continue  to  be  produced  and  promptly  supplied  by  our  Fords,  New  Jersey  plant. 

Catalin  maintains  a  staff  of  experienced  glue  technicians  for  the  convenience  of  its 
customers.  Their  ability  to  make  valuable  suggestions  for  improving  quality,  increas¬ 
ing  production  and  lowering  glue  line  costs,  is  worth  investigation.  Inquiries  invited! 


UREA  •  PHENOL  W  RESORCINOL  RESINS 


CATALIN  CORPORATION  OF  AMERICA 


•  ONE  PARK  AVENUE,  NEW  YORK  16,  N.  Y. 

•  FORDS,  NEW  JERSEY 
•  CALUMET  CITY,  ILLINOIS 
•  THOMASVILLE,  NORTH  CAROLINA 


e 
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tCarlson,  Thorwald  A.,  Engr.,  Chief,  Div.  of  Material 
Containers,  U.  S.  Forest  Prod’s.  Lab.  (5)  108v 

Champion,  F.  J.,  1022  Seminole  Highway  (5)  2184v 

tColeman,  Donald  G.,  Tech.  Reviewer,  U.  S.  Forest 
Prod.’s.  Lab.  (5)  509v 

tCrandall,  Lee  W.,  Civil  Engineering  Dept.,  University 
of  Wisconsin  (6)  722v 

Davis,  Edward  M.,  Technologist,  Forest  Products 
Laboratory  (5)  1792v 

tDunlap,  M.  E.,  Engineer,  Forest  Products  Laboratory 
(5)  741v 

Fitzpatrick,  Lawrence  J.,  Managing  Partner,  J.  J.  Fitz¬ 
patrick  Lumber  Company,  3230  University  Avenue 
(5)  484v 

Fleischer,  Herbert  O.,  Forest  Products  Lab.  (5)  1419v 

tGerry,  Eloise,  Forest  Products  Technologist,  FPL — 
1103  Dartmouth  Road  (3)  379v 

tHarris,  Elwin  E.,  Chemist,  U.  S.  Forest  Prods.  Lab. 

(3)  180v 

tHrubesky,  C.  E.,  Chemist,  U.  S.  Forest  Products 
Laboratory  (3)  796v 

tHunt,  George  M.,  Director,  U.  S.  Forest  Prods.  Lab. 

(3)  lOv 

tLogan,  Gordon  D.,  Personnel  Director,  Forest  Products 
Laboratory  (3)  767a 

Lutz,  John  F.,  Technologist,  413  Chestnut  St.  (3) 

1690as 

tMarkwardt,  L.  J.,  Asst.  Dir.,  U.  S.  Forest  Prods. 

Lab.  (3)  12v 

Martin,  Theodore  J.,  Technologist,  FPL — 3738  Ross 
St.  (3)  9l6v 

Millett,  Merrill  A.,  Chemist,  U.  W.  Forest  Products 
Laboratory  (3)  2300v 

tMitchell,  Wm.  W.,  Asst.  Chief,  Div.  of  Personnel 
Mgt..  U.  S.  For.  Prods.  Lab.  (3)  24v 

Mraz,  Edward  A.,  2213  Hegg  Ave.  (4)  2123v 

fNorris,  C.  B.,  Engineer,  Forest  Products  Laboratory 
(3)  7l6v 

tPaul,  Benson  H.,  1118  University  Bay  Drive  (3)  663v 

Peck,  Edward  C.,  Technologist,  FPL — 2001  Monroe  St. 

(3)  723v 

tPillow,  Maxon  Y.,  418  Franklin  Ave.  661v 

fReineke,  Lester  H.,  Technologist,  FPL-R-2  (5)  739v 

Rhude,  Maurice  J.,  Instructor,  University  of  Wisconsin, 
267  Mechanical  Eng.  Bldg.  2462v 

tRichards,  C.  Audrey,  Forest  Pathlgst.,  Madison  Branch, 
Bureau  of  Plant  Ind.,  Soils  &  Agrl.  Engrg., 
U.  S.  D.  A.,  1813  Regent  (3)  39v 

fRietz,  Raymond  C.,  Research  Engineer,  628  Sprague  St. 

(3)  I66v 

Roberts,  Mrs.  Marie,  Forest  Products  Research  Society, 
Box  2010 — Univ.  Station  (3) 

Rovsek,  Frank  J.,  Executive  Secretary,  Forest  Products 
Research  Society,  P.  O.  Box  2010,  University  Station 
(3)  .  2727V 

tSaeman,  Jerome  F.,  Chemist,  U.  S.  Forest  Products 
Laboraton  (3)  319v 

tScheffer,  Theodore  C.,  Pathologist,  Forest  Products 
Laboratory  (3)  766v 

Seborg,  Ray  M.,  Chemist,  Forest  Products  Lab.  (3) 

2000V 

tSelbo,  Magnus  L.,  Chem.  Engineer,  FLP-2121  Chad- 
bourne  Avenue  (3)  762v 

Simeone,  R.  J.,  J.  J.  Fitzpatrick  Lumber  Co.  (3) 

2744v 

tStamin,  Alfred  J.,  Chemist,  Acting  in  Charge.  Div.  of 
Derived  Products,  U.  S.  Forest  Products  Lab.  (3) 
„  121v 

tSweet,  Mr.  Carroll  V.,  Chief,  Div.  of  Indst.  Investiga¬ 
tions,  U.  S.  Forest  Products  Lab.  (3)  94v 

tThompson,  Charles  C.,  J.  J.  Fitzpatrick  Lumber  Co., 
Inc.,  3230  University  Avenue  (3)  483v 

tTorgeson,  Oscar  W.,  Engineer,  FpLr-610  Emerson  St. 

(5)  782V 

Turner,  H.  Dale,  Chem.  Engineer,  FPL-413  Chestnut  St. 

771v 

Van  Kleeck,  Arthur,  Chemist,  Forest  Products  Labora- 
_tory  (3)  2036v 

tYoungquist,  W.  G.,  Engineer,  Forest  Products  Labora¬ 
tory  (5)  764 V 

Marinette 

Coffey,  Daniel  F.,  Pres.,  Marinette  &  Menominee  Box 
Co.,  Foot  Hosmer  Street  236“v 

Marshfield 

tConnor,  W.  D.,  Dir.  of  Sales  &  Research,  The  Connor 
Lbr.  &  Land  Co.,  P.  O.  Box  112  63v 

Ropella,  Leonard  A.,  706  S.  Apple  St.  1647v 

fWitt,  Oscar,  Cost  Accountant,  Roddis  Lumber  & 
Veneer  Co.  87v 


Mellen 

Mclver,  M.  C.,  Pres.,  Penokee  Veneer  Co.  2280v 
Seidel,  Gus  A.,  Penokee  Veneer  Co.  &  Splicewood 
Corporation,  Box  301  1187v 

Merrill  .  ,  ■  ^ 

tSemling,  Emil,  Pres.  &  Mgr.,  The  Semling-Menke  Co., 
Inc.  194v 

Young,  John  F.,  %  Anson  &  Gilkey  Co.,  Sales  St. 

1081V 

Middleton 

tHeebink,  Bruce  G.,  Engineer,  FPL  262v 

Taras,  Michael  A.,  1903  Bristol  St.  1023v 

Milwaukee 

Hough,  Walker  B.,  924  E.  Wells  St.  (2)  1184v 

Kielisch,  Carl,  W.  H.  Pipkorn  Co.,  1348  W.  Bruce  St. 

(4)  2332V 

Poundstone,  Earl  C.,  Consultant,  Rooms  320-323,  622 
North  Water  St.  (2)  2139v 

Read,  E.  C.,  Vice  President,  The  Filer  &  Stowell  Co., 
147  East  Becher  St.  (7)  1884a 

Ursic,  Stanley  J.,  District  763,  Box  382  (14)  2696a$ 

tWeiss,  Martin  S.,  President,  Northwestern-Weiss  Mfg. 
Corp.,  1433  N.  Water  St.  (2)  26lv 

Mosinee 

Mosinee  Paper  Mills  Co.,  (N.  S.  Stone,  VP  &  Genl.) 

1380s 

Stone,  N.  S.,  Mosinee  Paper  Mills  Co.  1380s 

Neenah 

tSwanson,  W.  H.,  Dir.  of  Manufacturing,  Kimberly- 
Clark  Corp.  13v 

tMillar.  J.  Burton,  Chief  Forester,  Kimberly-Clark 

Corp.,  128  N.  Commercial  St.  237v 

New  London 

Park,  William  S.,  American  Plywood  Corp,  2196v 

Oconto 

DeWitt,  D.  S.,  Holt  Hardwood  Co.  1134s 

Holt  Hardwood  Co.,  D.  S.  De  Witt,  Vice-Pres.  & 
Gen.  Mgr.  1134s 

Oshkosh 

Boschwitz,  Franz  L.,  Partner,  Pluswood  Industries, 
P.  O.  Box  337  2360V 

Casselman,  Ralph,  Asst,  to  Vice-Pres.,  Paine  Lumber 
Co.,  Ltd.,  73  W.  Algoma  St.  2441v 

Clady,  L.  M.,  Secy. -Mgr.,  Maple  Flooring  Assn., 
Box  678  977v 

tCrosby,  Harold  S.,  Forest  Prods.  Engr.,  Northern 
Hemlock  &  Hardwood  Assn.  3v 

Davis,  J.  J.,  V.  P.,  Paine  Lumber  Co.,  73  West  Al¬ 
goma  St.  2440s 

Gans,  Charles  H.,  117  High  St.  2343v 

Ginsburg,  Stanley  T.,  Mech.  Engineer,  Dearborn  Co., 
178  Bong  Court  2171v 

fHawrylow,  Martin,  349  Hazel  St.  48tv 

Paine  Lumber  Co.,  ltd.,  (J.  J.  Davis,  V.  P.),  73  W. 
Algoma  St.  2440$ 

Port  Washington 

Bonser,  William  E.,  Research  Engr.,  Harnischfeger 
Corp.,  Housing  Division  2707v 

Cone,  A.  F.,  Research  Engineer,  Harnischfeger  Corp., 
Houses  Div.  936v 

Moeser,  O.  E.,  Pres.,  Wisconsin  Chair  Co.  2810v 
Racine 

Gittings,  W.  L.,  Pres.  &  Treas.,  Gold  Medal  Folding 
Furniture  Co.,  1700  Packard  Ave.  2374v 

Rhinelander 

tBecker,  Folke,  Pres.  &  Gen.  Mgr.,  Rhinelander  Paper 
Co.  178v 

fFries,  Karl  W.,  Technical  Director,  Rhinelander  Paper 
Co.  179v 

Rhinelander  Paper  Company,  (Karl  W.  Fries,  Tech. 
Dir.)  2060s 

Rib  Lake 

Marschke,  Carl,  Manager,  Gustafson  Lumber  Co.  1630a 
Rorhschild 

Everest,  D.  C.,  Marathon  Corp.  1109s 

Marathon  Corp.,  D.  C.  Everest,  Pres,  and  Gen.  Man¬ 
ager  1109s 

Sheboygan 

Dickerson.  Elmer  C.,  316  Bell  Avenue  224lv 

Ellinger,  Walter  A.,  Owner,  Ellingers,  P.  O.  Box  476 

2122V 

iohnson,  Fred  I.,  1640  S.  17th  St.  1620v 

arson,  Edward  L.,  Larson  Plywood  Co,,  North  13th 
St.  1190V 

Weill,  John  L.,  Exec.  Vice  Pres.,  American  Chair  Co., 
911  N.  nth  St,  2334v 

Sheboygan  Falls 

Bemis,  F.  K.,  Pres.,  Bemis  Manufacturing  Company, 
304  Broadway  2091v 
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•  Tough  tungsten-carbide 
tips  brazed  into  high  quality 
steel  body 

•  For  rip,  cut-off  and  trim 
operations.  Many  materials 
such  as:  hardwoods,  fibre 
boards,  plywoods,  and  in¬ 
sulations 

•  Fully  guaranteed.  Teeth 
replaced  if  damaged  during 
normal  operation 


MORE  PRODUCTION! 
Bt  lomu  COST 


KARBIDE  KINC  SAWS 

KARBIDE  KING  SAWS  cut  down  the  extra  costs 
that  prevent  your  plant  from  operating  economic¬ 
ally:  lost  time  in  changing  saws  oftener  .  .  .  fre¬ 
quent,  costly  sharpenings  .  .  .  poor  cutting  by  dull, 
worn  teeth. 

Cost  less  to  own  because  they  outlast  ordinary 
saws  .  .  .  stay  sharp  50  to  100  times  longer  between 
servicings  .  .  .  thus  cutting  down  on  wear  that  results 
from  frequent  sharpenings.  Send  for  illustrated 
folder  and  complete  details. 


DELUXE  SAW  &  TOOL  COMPANY 

2476  Blue  Island  Avenue  Chicago  8,  Illinois 

Factory  and  Salas  Office:  195  Perry  Street,  High  Point,  N.  C. 

Represented  in  Canada  by:  Canadian  General  Electric  Co.,  Ltd. 


NORTH  CAROLINA 
EQUIPMENT  COMPANY 


Construaion,  Industrial 
and 


Logging  Equipment 


INTERNATIONAL 

INDUSTRIAL  POWER 


e 

RALEIGH  GUILFORD 

WILMINGTON  CHARLOTTE 

ASHEVILLE 


SAVE  LUMBER 
IMPROVE  PRODUCTION 


DELMHORST  MOISTURE  DETECTORS  measure 
moisture  content  of  all  kinds  of  wood  over  u 
range  from  4  to  65%.  Accurate  readings  read 
directly  on  the  meter  —  no  dials  or  knobs  to  turn 
— 7  no  calculations  required. 

Meosures  averoge  moisture  content  ond  distribu¬ 
tion  of  moisture. 

Interchangeable  electrodes  to  fit  your  needs  — 

Write  for  complete  information  on  our  various 
modeis  for  lumber,  veneer,  paper,  etc. 


DELMHORST  INSTRUMENT  COMPANY 

BOONTON,  NEW  JERSEY 
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Stanley 

Bolon,  James  R.,  }19 — 6lh  Ave.  21$las 

Stevens  Point 

Kampenga,  Nelis  R.,  Librarian,  Central  State  Teachers 
College  2225a 


Superior 

Campbell,  Roderic  J.,  Campbell  Lumber  &  Supply  Co., 
1808  Tower  Ave.  1570as 


Hutchinson,  Milon  J.,  R.  R.  1  144las 

Two  Rivers 

O’Neil,  Charles  S.,  Hamilton  Mfg.  Co.  2190v 

Schmeichel,  N.  L.,  Dir.  of  Mfg.,  Hamilton  Manufac¬ 
turing  Co.  .  2534v 

tStevens,  Stanley  F.,  811  25th  St.  503v 

Waupun 

Zielinski,  August  J.,  Secy.,  Breyer  Bros.,  Whiting  & 
Co.,  E.  Franklin  St.  2093v 


Wausau 

D.  J.  Murray  Mfg.  Co..  C.  E.  Staky,  Exec.  V.P.  & 
Gen.  Mer..  1002  Third  St.  1987s 

Staky,  C.  E.,  D.  J.  Murray  Mfg.  Co.  1987s 

West  Allis 

Leaf,  C.  Stanley,  Allis-Chalmers  Mfg.  Co.,  2238  S.  80th 
St.  1063v 


CANADA 

ONTARIO  (WESTERN) 

Fort  William 

Great  Lakes  Lumber  &  Shipping.  Ltd.,  Box  398  1650s 

Swinden,  J.  N.,  Mgr.,  Great  Lakes  Lumber  &  Shipping, 
Ltd.  1650s 


Owen  Sound  , 

Roberts,  David,  Gen.  Mgr.,  RCA  Victor  Co.,  Ltd., 
126  14th  St.,  W.  2124v 


Toronto 

Wright,  Lew,  Canadian  Woodworker,  347  Adelaide 
St.  W.  2203a 


Port  Arthur 

tPrettie,  Robt.  J.,  Pres.  &  Gen.  Mgr.,  Northern  Wood 
Preservers,  Ltd.,  P.  O.  Box  310  393v 

McDonald,  C.  I.  D.,  Engineer,  Northern  Wood  Pre¬ 
servers,  Ltd.,  P.  O.  Box  310  1668a 


Sault  Ste.  Marie 

tRowe,  Chas.  A.,  Supt.,  Algoma  Central  Railway  397v 
Dorland,  Rodger  M.,  Central  Res.  &  Develop.  Div., 
Abitibi  Power  &  Paper  Co.,  Ltd.  2201v 


Thorold 

McGraw,  Edward  B.,  Asst,  to  President  on  Woodland 
Affairs,  The  Ontario  Paper  Co.,  Ltd.  2167v 


Sudbury 

Merwin,  Benjamin  F.,  President,  Pineland  Timber  Co., 
Ltd.,  Box  126  1835v 


Sioux  Lookout 

Farlinger,  G.  E.,  Pres.,  Patricia  Lumber  Co.,  Ltd., 
P.  O.  Box  99  1643. 


SOUTH  CENTRAL  REGION 


ALABAMA 
Auburn 

Dorr,  Henry,  Jr.,  Assoc.  Prof,  of  Forestry,  Alabama 
Polytechnic  Institute,  147  Nelocco  Drive  I648v 

McDaniel,  Thomas  J.,  Jr.,  Student,  (Alabama  Poly¬ 
technic  Institute),  215  Magnolia  Hall  2733as 

tVo^el,  Frederick  H.,  Alabama  Polytechnic  Institute, 
Forestry  Dept.  26v 

Bay  Minnette 

Davidson,  E.,  Davidson  &  Taylor  2433v 

Stuckey,  Joe  H.,  Mgr.  Mill  f£l,  W.  N.  Stuckey  Lumber 
Co..  411  W.  Sixth  St.  2471  v 

Birmingham 

Banks,  Frazer,  Res.  Chem.,  Southern  Research  Inst'- 
tute.  917  So.  20th  St.  276lv 

Bradley,  John  M.,  Jr.,  4211  Overlook  Rd.  (5)  2695is 

Kenaga,  Duane,  L.,  917  S.  20th  St.  (5)  1122v 

Sproull,  Reavis  C.,  Southern  Research  Institute,  917  S. 

20th  St.  1030V 

Wallace,  Lewis  C.,  Chemist.  Southern  Research  In¬ 
stitute,  917  So.  20th  St.  (3)  1191v 

Chapman 

tMcGowin,  Julian  F.,  Secretary,  W.  T.  Smith  Lbr.  Co. 

274v 

W.  T.  Smith  Lumber  Co.,  (Julian  F.  McGowin,  Secy.) 

1488s 

Fort  Payne 

Hasten,  N.  B.,  Lumber  Fabricators,  Inc.,  P.  O.  Box  296 

2004a 

Grayson 

Wilson.  Henry  A.,  Forester,  Clancy  Lumber  Co.  1286v 

Jasner 

Carr,  R.  H.,  Owner,  R.  H.  Carr  Lumber  Co.  16l4v 
Mobile 

May,  Ben,  Pres.,  Gulf  Lumber  Co.,  P.  O.  Box  1663 

2530V 

tMevercord.  E.  B.,  Meyercord  Compound  Lbr.  Co.. 

Box  506  (4)  580v 

Riggs,  William  A..  Industrial  Engr.,  Gulf  Mobile  & 
Ohio  Railroad  (5)  2511v 

Williams,  A.  W.,  Pres.  &  Mgr..  A.  W.  Williams 
Inspection  Co.,  P.  O.  Box  314  (3)  44lv 

Kilgore,  W.  Elbert,  Asst.  State  Forester,  Dept,  of 
Conservation,  901  Airport  Rd.  2382v 

Selma 

Cole,  J.  F.,  Manager,  Southport  Corporation,  Inc.. 

211  Washington  St.  1937v 

McLaren,  George  L.,  Southern  Pine  Co.,  P.  O.  Box  255 

2120V 

430 


Tus'aloosa 

tFellows,  Robert  B.,  11  Springbrook  Circle  244v 

tSynder,  Andrew  J.,  4811  Cumberland  Road  354v 

ARKANSAS 

Crossett 

tChesley,  Kenneth  G.,  Dir.  of  Research,  Crossett  Lum¬ 
ber  Co.  2v 

tCrossett  Lumber  Co.  (K.  G.  Chesley)  421s 

Gilmont,  Paul  L.,  Res.  Chem.,  Crossett  Lumber  Co. 

2746v 

fLear,  W.  L.,  Sawmill  Div.,  Crossett  Lumber  Co.  22v 
Nason,  R.  O.,  Crossett  Chemical  Co.  106Cv 

tSandborn,  L.  .T.,  Research  Chemist,  Research  Lab., 

Crossett  Lumber  Co.  406v 


Eudora 

White,  Carl  L.,  Pres.,  The  Breece  White  Mfg.  Co. 

1347v 

Fort  Smith 

Krober,  F.  E.,  Pres.,  Garrison  Furniture  Co.,  No. 
First  St.  &  J  St.  2393v 

Helena 

McKnight,  French  R.,  McKnight  Veneers,  Inc.,  Box 
415  I634v 

Little  Rock 

Hamlen,  J.  H.,  Asst.  Mgr.,  J.  H.  Hamlen  &  Son, 
Box  327  1876 

Tiller,  W.  E..  Pres.,  Tiller  Tie  &  Lumber  Co.,  Inc.. 
903  Union  Life  Bldg.  I478v 

Mountain  Pine 

Dierks,  Frederick  M.,  Dierks  Lumber  &  Coal  Co. 

1180s 

Dierks  Lumber  &  Coal  Co.,  (Frederick  M.  Dierks. 
Exec.  Eng.)  llSOv 

Monticello 

Mason  ,Carl  F.,  Owner,  Carl  F.  Mason  Co.,  317  S. 
Main  2l6lv 

Prescott 

Christopher.  George  H.,  Pres.,  Christopher  Unitemp 
Heating  Systems,  P.  O.  Box  1062  2394v 

Warren 

Bradley  Lumber  Company  of  Arkansas,  O.  Hilton,  Vice 
Pres.  1087s 

fHilton,  O.,  Vice-Pres.,  Bradley  Lbr.  Co.  of  Ark.  63v 
West  Helena 

Stucker,  John  H.,  Gen.  Mgr.,  Pekin  Wood  Products 
Co.  f602v 
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KANSAS 

Garnett 

McAfee,  Don,  Supt.,  Garnett  Church  furniture  Mfg. 
Co.,  9th  and  Oaic  2678v 

Kansas  Citv 

Bailiff,  Norman  L.,  Manager.  Engineering  Research — 

Marley  Co.,  Inc.,  3001  fairfax  Road  (15)  1476v 

Lawrence 

tStacey,  W.  A.,  Field  Engr.,  Serv.  Bureau,  A.  W.  P.  A., 
1939  New  Hampshire  499v 

Shawanee 

Hersh,  Jerre  F.,  Jr.,  (Colorado  A  &  M  College),  12202 
W.  56th  St.  23l6as 


Topeka 

tBelcher,  R.  S.,  3501  W.  17th  St. 


465v 


Wichita 

Rawdon,  Herb,  Pres.,  Rawdon  Bros.  Aircraft  Inc., 
659  South  Quentin  (17)  2360v 


KENTUCKY 


Ashland 

Patitz,  G.  N.,  Vice  Pres.,  The  Joseph  Oker  Sons  Co., 
P.  O.  Box  648  2344v 


Beaver  Dam 

Young,  C.  T.,  Owner,  Young  Hardware  Co.  2251v 
Carrollton 

Hamburg,  John  G.,  Works  Mgr.,  Carrollton  Plant, 
Crosley  Div.  Avco  Mfg.  Corp.,  Box  59  2480v 

Henderson 

Williams.  James  P.,  Asst.  Supt.,  Delker  Bros.  Mfg. 
Co.,  17  Pope  Ave.  2295v 

Louisville 

Anderson,  S.  W.,  Vice  Pres.,  Anderson  Wood  Working 
Co..  Inc.,  1361  Beech  St.  (11)  1218v 

Birn,  Serge  A.,  Consultining  Management  Engineer, 

224  Heyburn  Bldg.  (2)  1974v 

fCarey,  Dudley  C.,  5460  Mitscher  Ave.  (8)  2l6v 

Clark,  Irving  W.,  Prod.  Mgr.,  General  Plywood  Corp., 
3131  W.  Market  St.  (12)  2376v 

Dimond,  Lloyd  E.,  General  Plywood  Corp.,  3131  W. 

Market  St.  1113v 

Dosker,  C.  D.,  Pres.,  Gamble  Bros.,  Inc.,  4601  Almond 
Ave.  (9)  1105V 

Durst,  Sterling  H.,  Production  Mgr.,  Gamble  Brothers, 
Inc.,  4600  Almond  Ave.  (9)  2043v 

Hayward,  Phillips  A.,  Mgn.  Dir..  Hardwood  Dimen¬ 
sion  Mfrs.  Assn.,  230  Heyburn  Bldg.  (2)  2073v 

MacLean,  Angus  D.,  Pres.,  Wood-Mosaic  Co.,  5000 
Crittenden  Dr.  (9)  2686v 

Meiners,  Paul  I.,  Production  Supt.,  Gamble  Brothers, 
4601  Almond  Ave.  (9)  26l3v 

fMoser,  Harold  C.,  Vice  Pres.,  Gamble  Bros.,  Inc., 
4601  Almond  Ave.  29v 

Remmers,  A.  R.,  V.  P.,  Kurfees  Paint  Co.,  201  E. 

Market  St.  (2)  2290v 

tSanderson,  Leslie  G.,  American  Cyanamid  Co.,  647y2 
S.  44th  St.  (11)  768v 

Showalter,  James  R.,  734  Cecil  Ave.  (11)  1925as 

Soehner,  H.  C.,  Dir.  Research  &  New  Prod.,  The 
Mengel  Co.,  11th  &  Ormsby  ,  2231v 

Thurner,  John  T.,  Wood  Tech.,  Gamble  Brothers, 

Inc.,  4601  Almond  Ave.  (9)  2052v 

Wolek,  Joseph  J.,  Catalin  Corp.  of  America,  117  Coral 
Ave.  _  2762V 

Owensboro 

Bir.  Leonard  J.,  Plant  Mgr.,  Murphy  Chair  Co.,  Inc., 
Box  527  2286v 


LOUISIANA 

Alexandria 

Kellogg,  L.  D.,  Pres.,  L.  D.  Kellogg  Lumbei  Co., 

Inc.,  P.  O.  Box  626  (4)  2408v 

Bogalusa 

Young,  Vertrees,  Exe.  Vice  Pres.,  Gaylord  Container 
Corp.  2428V 

Bossier  City 

Efurd,  R.  L.,  Jr.,  Pres.,  Efurd  Machine  &  Welding 
Co.,  Inc.,  121  E.  Texas  St.  1966v 

Chestnut 

Young,  D.  Crawford,  Mgr.,  Crawford  Young  Lumber 
Co.  2327V 

Colfax 

McDonald,  Leo,  Dist.  Forester,  International  Paper 
Co.,  Box  384  2372v 
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Fisher,  Sabine  Parish 

tBloomer,  P.  A.,  Vice-President,  Louisiana  Long  Leaf 
Lumber  Co.  106v 


Fisher 

Bloomer,  P.  A.,  Louisiana  Long  Leaf  Lbr.  Co.  1154s 
Louisiana  Long  Leaf  Lbr.  Co.,  (P.  A.  Bloomer,  Vice- 


Pres.)  1154s 

Garden  City 

Lucas,  George  C.,  Gen.  Mgr.,  May  Brothers  2299v 

Hammond 

Love,  James  L.,  Owner,  (Pulpwood  Dealer),  205  Tog¬ 
gery  Bldg.  I605a 

Schneider,  Hans,  Vice  Pres.,  Reimers-Schneider  Co., 
Inc.,  211  W.  Thomas  St.  1636v 


Lafayette 

Elberson,  T.  W.,  Owner  &  Mgr.,  Lafayette  Motor 
Boat  Works,  128  N.  College  Ave.  2351v 

Lake  Charles 

Krause,  R.  E.,  Secy-Treas.,  Quatre  Parish  Co.,  Inc., 
2323  Shell  Beach  Drive  1371v 

Minden 

tMiller,  Paul,  Mgr.,  Looney  &  Miller  Co.,  Route  4 

678v 

Monroe 

Knapp,  Walter  E.,  Salesman,  Henry  Disston  &  Sons, 
Inc.,  3811  Spurgeon  Dr.  2099v 

New  Iberia 

Nelson,  H.  A.,  V.  Pres.,  Beinville  Furniture  Mfg.  Co., 
Inc.,  Box  617  2495V 

New  Orleans 

Carpenter,  Roswell  D.,  Forester,  Southern  For.  Exp. 

Sta.,  FUS,  1008  Federal  Bldg.  (12)  ll?7v 

Davis,  H.  L.,  General  Manager,  Davis  Manufacturing 
Co.,  1075-83  S.  Clark  St.  (ly  891a 

Fortier,  Jacques  L.,  Research  Engr.,  Southern  Pine 
Assn.,  520  Canal  Bldg.  (4)  2403a 

Higgins,  Andrew,  Pres.,  Higgins,  Inc.  (17)  2343v 

tLeh»as,  Mark  M.,  For.  Prods.  Tech.,  For.  Util.  Serv., 
So.  For.  Exp.  Sta.,  3264  De  Saix  Blvd  .  252v 

Lindgren,  Ralph  M.,  Senior  Pathologist,  U.  S.  Division 
of  Forest  Pathology,  1008  Federal  OflSce  Bldg.  (12) 

1503v 

Murray,  Chas  A.,  Dist.  Mgr.,  Reichhold  Chemicals, 
Inc.,  235  International  Trade  Mart,  124  Camp  St. 
(12)  1979V 

Noble 

Knott,  O.  B.,  Mgr.,  Knott  &  Julion  Timber  Co.  2285v 
Pineville 

Rhodes,  H.  J.,  President,  Pineville  Wood  Products 
Inc.,  1000  Melrose  St.  (Box  232)  1327v 

Rust  on 

Blackwell,  Lloyd  P.,  Head,  Dept,  of  Forestry,  Louisiana 
Polytechnic  Institute  1015v 

Gustin,  Harold  E.,  La.  Polytechnic  Institute,  Box  461, 
Tech.  Sta.  981v 

Sbrevepon 

Avery,  Jno.  L.,  Gen.  Sales  Mgr.,  Frosh  Lumber  Indus¬ 
tries,  Inc.,  715  Commercial  Bldg.,  Box  1125  (90) 

1880V 

tBango,  Henry  L.,  Consulting  Forester,  P.  O.  Box  4072 

585v 

fBurk,  Albert  D.,  Supt.,  American  Lumber  &  Treating 
Co.,  3006  (^eensboro  Station  .  699v 

Goodwin,  F.  D.,  Works  Mgr.,  Kenrod  Lumber  Co., 
Box  756,  Cedar  Grove  Station  1802v 

Jeter,  Charles  H.,  Vice  Pies.,  A.  J.  Hodges  Industries 
Inc.,  604  Ardis  Bldg.  971v 

fPerkins,  C.  A.,  Technician  &  Asst.  Mgr.,  Wood  Pres. 
Inspection  Dept.,  Southwestern  Lab.,  810  Ruther¬ 
ford  (76)  475v 

Speairs,  Richard  K.,  Assoc.  Professor,  Centenary  Col¬ 
lege  of  Louisiana,  265  Robinson  2803v 

fWatts,  Menard,  Supt.,  Frost  Lumbr.  Indus.,  Inc.., 
P.  O.  Box  94  727v 

Williams,  Leroy  Gordon,  Southwestern  Laboratories, 
2728^2  Corbitt  St.  2790v 

Tallulah 

Christian,  M.  B.,  Chicago  Mill  &  Lumber  Co.  2l4lv 
Ware,  R.  N.,  Jr.,  Mgr.,  Chicago  Mill  &  Lumber  Co., 
P.  O.  Box  1110  2270V 

Urania 

fHardtner,  Q.  T.,  Pres.  &  Gen.  Mgr.,  The  Urania  Lbr. 
Co.,  Ltd.  133v 

Zwolle 

Ferguson,  Joseph  C.,  Pres.,  Sabine  Lumber  Co.,  P.  O. 
Box  98  2687v 
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FORESTRY  RESEARCH 
FOUNDATION 

(NON-PROFIT  CORPORATION) 

SERVING  THE  FORESTRY  INTERESTS  BOTH 
PUBLIC  AND  PRIVATE  IN  OREGON  AND  THE  PACIFIC 

Northwest. 

ORGANIZED  TO  FACILITATE.  ENCOURAGE  AND 
PROMOTE  RESEARCH  IN  FORESTRY.  ASSOCIATED 
WITH  THE  OREGON  FOREST  PRODUCTS  LABORATORY. 

Office  of  the  Secretary 

SCHOOL  OF  FORESTRY 

Oregon  state  college 
CORVALLIS,  Oregon 


The  finest  in  Wood  Kitchen  Cabi- 
nets.  Linoleum,  Fonnica,  Goodyear 
Vinyl,  and  Metal  Sink  and  Coun¬ 
ter  Tops. 

WOOD-METAL 

INDUSTRIES 

- INC. - 

Plant: 

Kreamer,  Snyder  County,  Pennsylvania 
Executive  Offices: 

101  Park  Avenue,  New  York  17,  N.  Y. 


The  Famous 

KLOK  TRAINING  COURSE 

Opens  The  Door  to  Better  Pey 

IN  THE  WOODWORKING  INDUSTRY 

I  can  help  you,  as  a  woodworker,  to  a 
top  position  in  the  woodworking  indus¬ 
try — just  as  I  have  helped  a  host  of 
odier  ambitious  men.  My  81-Lesson 
Home  Study  Course  or  my  Resident 
Course  at  Grand  Rapids  is  highly  prac¬ 
tical  and  personal.  Yes,  the  KLOK 
TRAINING  SYSTEM  teaches  you  the 
arts  of  Sketching — Drafting — Rod  Mak¬ 
ing — Time  Study — Cost  and  Production 
Scheduling.  Free  G.  I.  instruction. 
Money  back  trial  offer  to  non-veterans. 
Write  for  FREE  BOOKLET.  State 
age,  veteran  or  non-veteran,  Home 
Study  or  Resident  Course,  occupation. 

FREE  BOOKLET 

KLOK  INSTITUTE 

Woodworking  Industry  Training 
Since  1928 

156  St.  Louis  St.,  Grand  Rapids  2,  Mich. 
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MISSISSIPPI 

Affloty 

Holmberg,  LeRoy  A.,  Forester,  Gilmore-Puckett  Lum¬ 
ber  Co.,  P.  O.  Bov  30  1988v 

Canton 

Haskins,  J.  F.,  District  Manager,  The  Borden  Co., 
Chemical  Div.,  106  Liberty  St.  1544v 

Corinth 

Ray,  A.  F.  Fentress,  Sales  Mgr.,  Corinth  Machinery 
Co.,  Tate  St.  (1)  2311v 

Crosby 

Clark,  James  R.,  Supt.  Logging  &  Forestry,  Crosby 
Lumber  &  Mfg.  Co.  2427v 

Femwood 

tDenman,  W.  T.,  Jr.,  V-Pres.,  Fernwood  Industries 

784v 

Forest 

Buell,  Henry  N.,  Project  Forester,  Mississippi  Forest 
Service,  P.  O.  Box  191  2454v 

Jackson 

Griffith,  John  E.,  Wood  Technologist,  Mississippi 
Products,  Inc.,  Livingston  Road,  Box  492  2512v 

Huth,  G.  A.,  Presdent,  Mississippi  Products,  Inc. 

1639V 

tLegettt,  Albert  A.,  State  Forester,  Mississippi  Forestry 
Comm.,  P.  O.  Box  649  (105)  328v 

Laurel 

Boehm,  Robert  M.,  Director  of  Research,  Masonite 
Corp.  1108v 

Knutson,  Russell  G.,  Res.  Chem.,  Masonite  Corp., 

1018  Sixth  Ave.  1955v 

Perkinston 

tDantzler,  A.  M..  Vice-Pres.,  L.  N.  Dantzler  Lbr.  ‘Co. 

191v 

State  Ccdlege 

tPayne,  Monty  A.,  Head,  Dept,  of  Forestry,  Miss.  State 
College,  Box  385  385v 


MISSOURI 

Columbia 

Compton,  Kenneth  C.,  University  of  Mo.,  210  Whittier 
Hall  986v 

Westveld,  R.  H.,  Prof,  of  Forestry,  University  of  Mis¬ 
souri,  Whitten  Hall  935v 

Farminnon 

Bauch,  G.  David,  Forester,  Missouri  Conservation 

Comm.  &  U.  S.  Forest  Service,  Box  66  2370v 

Jefferson  City 

tPowell,  Ashby  R.,  Head,  Research  Sect.,  Mo.  State 
Div.  of  Resources  &  Development,  State  Office  Bldg. 

211a 

Kansas  City 

tButler,  Roy  J.,  Mgr.,  Wood  Preservative  Sale,  The 

Long  Bell  Lbr.  Co.,  R.  A.  Long  Bldg.  (6)  184v 

Hamm,  Philip  C.,  Wood  Technologist,  Midwest  Re¬ 
search  Laboratory  460v 

Smith,  Ralph  L.,  Pres.,  Ralph  L.  Smith  Lumber  Co., 
1635  Dierks  Bldg.  (6)  1625v 

Sweet,  Robert  L.,  Pres.,  R.  L.  Sweet  Lumber  Co., 
3100  Southwest  Blvd.  (8)  2314v 

Kiikwood 

Kingery,  Hugh  M.,  Fox  Brothers  Mfg.  Co.,  Gluing 
Dept.,  240  E.  Jefferson  (22)  2834a 

St.  Louis 

tAustill,  Hurieosco,  Chief  Engineer,  Terminal  Railroad 
Assoc,  of  St.  Louis,  357  Union  Staton  (3)  84lv 

Barr,  Allen  1.,  1218  Olive  St.  (3)  893v 

Dentzman,  Henry  J.,  3300  Russell  Blvd.  (4)  1226v 

Fox  Brothers  Mfg.  Co.,  (Charles  F.  Paul — Pres.  & 
Gen.  Mgr.),  2717  Sidney  St.  (4)  1075s 

Hahn.  Palmer  L.,  Lumber  Coordinator.  Fred  W.  Means 
Heel  Co.,  Inc.,  5416  Maple  St.  (12)  2710a 

Hankerson,  F.  P.,  Exec.  Secy.  Assoc.  Cooperage  Indus¬ 
tries  of  America,  Inc.,  408  Olive  St.,  Room  417  (2) 

882v 

Hatfield,  Ira,  Monsanto  Chemical  Co.,  1700  South  2nd 
St.  (4)  552s 

Heitert.  Gilbert  L.,  %  E.  L.  Heitert  Co.,  6635  Delmar 
Blvd.  (5)  1103v 

tKistler,  L.  W.,  St.  Louis-San  Francisco  Ry.  Co.,  718 
Frisco  Bldg.  (1)  816v 

Lermer,  Ludwig,  Protexol  Corp.,  %  Fox  Bros.  Mfg. 
Co.,  2717  Sidney  Street  1079v 

tMabry,  D.  B.,  Salesman,  T.  J.  Moss  Tie  Co.,  700 
Security  Bldg.  (2)  546v 

Meier,  Arthur  Jay,  Jr.,  17  Ridgetop  (17)  2432v 

tMonsanto  Chem.  Co.,  Ira  Hatfield,  1700  S.  2nd  St. 
(4)  552s 


Olson,  George  T.,  5623  Pennsylvania  726v 

tOstman,  H.  F.,  System  Standards  Engr.,  Union  Elec. 
Co.  of  Mo.,  315  N.  12th  St.  478v 

Paul,  Charles  F.,  Pres.  &  Gen.  Mgr.,  Fox  Bros.  Mfg. 

Co.,  2717  Sidney  St.  (4)  1075s 

tPerez,  Leonard  Dist.  Sales  Mgr.,  Wood  Preservation 
Div.,  Koppers  Co.,  Inc.,  1200  Shell  Bldg.  (3)  502v 

Springfield 

Bissman,  C.  A.,  C.  A.  Bissman  Mfg.  Co.,  1300  Poplar 


Street  (2)  2193a 

OKLAHOMA 
Oklahoma  City 

tLyons,  William  A.,  Special  Rep.,  The  Long-Bell  Lum¬ 
ber  Co.,,  P.  O.  Box  286  (1)  723v 

Stillwater 

tLinn,  Ed.  R.,  Dept,  of  Forestry,  Oklahoma  Agril.  & 
Mech.  College  657v 

Tulsa 

tjones,  S.  O.,  Engineer,  Nelson  Elec.  Mfg.  Co.,  217 
No.  Detroit  862v 

TENNESSEE 

Chattanooga 

tHall,  Dr.  Horace,  Dir.  of  Research,  Tennessee  Prod. 

&  Chemical  Corp.,  4800  Central  Ave.  (10)  802v 

Jacobs,  Hadley,  Sales  Engr.,  830  Vine  St.  1964v 

Raoul,  William  G.,  Cavalier  Corp.,  343  W.  First  St. 
(2)  1003V 

Jackson 

tZimm,  L.  A.,  Cent.  Sales  Mgr.,  American  Creosote 
Works,  Inc.,  P.  O.  Box  838  448v 

Knoxville 

tLamb,  John  T.,  Vestal  Lbr.  &  Mfg.  Co.,  1800  Lilly 
Ave.  560v 

D.  M.  Rose  &  Co.,  (D.  Morton  Rose,  Jr.),  P.  O. 

Box  478  (4)  1148s 

Rose,  D.  Morton,  Jr.,  D.  M.  Rose  &  Co.  1148s 


Rose,  John  E.,  V.  P.,  D.  M.  Rose  &  Co.,  215  Rose  PI. 

444v 

La  Follette  ■ 

Tomback,  Harold  N.,  Manager,  Newcastle  Industries, 
Inc.,  120  Linden  Park  2718v 

Loudon 

Smith,  Don  P.,  Pres.,  Don  P.  Smith  Chair  Co.,  Inc., 
Box  157  2350v 

Memphis 

tBeiir.  E.  A.,  Chapman  Chemical  Co.,  Derman  Bldg. 
(3)  88v 

Bruce,  C.  Arthur,  E.  L.  Bruce  Co.  231s 

tE.  L.  Bruce  Co.,  (C.  Arthur  Bruce,  Exec.  V.  P.), 
P.  O.  Box  397  (1)  231s 

Buckman,  Stanley  J..  Pres.,  Buckman  Laboratories. 

Inc.,  1256  N.  McLean  2766v 

Carlin,  J.  B.,  Jr.,  Treas.,  .Forest  Products  Chemical 
Co.,  Hollywood,  P.  O.  Box  6756  (8)  2854v 

Chapman,  A.  Dale,  Chapman  Chemical  Co.  2755s 

Chapman  Chemical  Co.,  (A.  Dale  Chapman,  Pres.), 
707  Dermon  B'dg.  2755s 

Cowan,  C.  H.,  Pres.,  Memphis  Machinery  and  Supply 
Co.,  205  S.  Front  St.  2839a 

Hungerford,  Frank,  First  V.  P.  &  Treas.,  S.  R.  Hun- 
gerford  Co.,  Inc.,  1160  Dunnavant  Street  2688v 

Eason,  W.  Jeter,  Secy-Treas.,  Nickey  Bros.,  Inc.,  2700 
Summer  Ave.  (12)  2229v 

tGay,  Walter  H.,  132  Dille  Place  173v 

Memphis  Hardwood  Flooring  Co.,  R.  F.  Sharp,  Mgr., 
1591  Thomas  St.  (10)  1135s 

Harshman,  L.  Raymond,  Forester,  E.  L.  Bruce  Co. 

2090a 

Latimer,  Charles,  Engr.,  Nickey  Bros.,  Inc.,  2700 
Summer  Ave.  2800v 

tMiller,  C.  E.,  Sec. -Mgr.,  So.  Hardwood  Producers, 
Inc.,  805  Sterick  Bldg.  (3)  4l2v 

tMiller,  Owen  L.,  Editor,  Natl.  Hardwood  Mag.,  Mem¬ 
phis  Lumbermen  Company,  P.  O.  Box  1721  (1)  30v 

Nickey,  S.  M.,  Jr.,  Vice  President,  Nickey  Brothers, 
Inc.,  2700  Summer  Ave.  (12)  l632v 

Sharp,  R.  F.,  Mgr.,  Memphis  Hardwood  Flooring  Co., 
1591  Thomas  St.  (10)  1135s 

Speltz,  M.  H.,  Pres. -Gen.  Mgr.,  Memphis  Plywood 
Corp.,  337  E.  Mallory  Ave.  2333v 

Tomford,  William  J.,  Plant  Eng.,  Cole  Mfg.  Co., 
P.  O.  Box  2657,  789  So.  Fourth  St.  I667v 

Peterson,  Roy  B.,  Consulting  Engineer,  503  S.  Second, 
Box  2573  (2)  1176v 

tWillins,  Henry  H.,  Secy. -Treas.,  Natl.  Oak  Flooring 
Mfgrs.  Assn.,  814  Sterick  Bldg.  (3)  154v 

Wilson,  Richard  O.,  5414  N.  Clover  St.  896a 
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YOUR  GUIDE  TO  ADHESIVES... 

The  Perkins  Trade  Mark  is  your  guarantee  of  quality  and  relia¬ 
bility  when  you  purchase  glues.  Since  1899,  customer-confidence 
in  Perkins  has  grown  steadily  — a  deserved  tribute  to  superior 
products  backed  by  competent  service  and  rigid  ethical  standards. 

When  you  use  a  Perkins  Glue  in  your  operations,  you’ll  agree 
with  other  leading  woodworkers  —  f/iat  Perkins  serves  you  ^st! 


RESIN — Hot  Press  and  Cold  Press  •  Liquid  or  Powder  Type 
CASEIN  —  A  brood  line  to  meet  your  specific  requirement 
VEGETABLE  —  As  originoted  and  perfected  by  Perkins  Glue  Co. 
ANIMAL — Reody-to-use  Liquid  •  Heat-then-use  Gel 

•  •  • 

VENEER  AND  CORE  REPAIR  COMPOUNDS  •  VENEER  SIZE 
GLUE  ROOM  SPECIALTIES  •  MIXERS  •  SPREADERS  •  BRUSHES 


RESIN 

CASEIN 


PEPiKINS 


VEGETABLE 

GLUES 


ISTABLISHBD  1899 


LANSDALE,  PA. 


KITCHENER,  ONT. 
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TENNESSEE — Continued 
Nashville 

Tennessee  Products  &  Chemical  Corp.,  Horace  E. 
Hall,  Dir.  of  Research,  American  National  Bank 
Bldg  (})  "OOs 

Davis,  W.  Lipscomb,  Pres.,  Davis  Cabinet  Co.,  901  S. 

5th  St.  (6)  .  1567V 

Horn,  Stanley  F.,  Jr.,  Man.  Ed.,  The  Southern  Lum¬ 
berman,  917  Ber^hill  Street  (3)  2185v 

tMcFarlin,  Carl,  President,  Tennessee  Products  & 
Chemical  Corp.  (3)  801a 

Norris  ,  _  .  „  . 

Darwin,  William  N.,  Chief,  Forest  Utilization  Section, 
Forestry  Relations  Division,  Tenn.  Valley  Authority 

2031V 

Kline,  L.  V.,  Chief  Forestry  Invest.  Branch,  Tennessee 
Valley  Authority  2154v 

tWiesehuegel,  E.  G.,  Investigations  Division,  T.  V.  A.. 
Box  196  579v 

Sparta 

Fulcher,  R.  G.,  Manufacturer-Dimension  Stock,  Box 
239  l686v 

tBrowder,  David  D.,  Cherokee  Wood  Pres.  Co.,  Box 
168  728v 

Wartrace 

Burnett,  Harley  L.,  Mgr.,  Wartrace  Ofiice,  Midwest 
Walnut  Co.  1374v 


TEXAS 

Beaumont  „ 

tKeig,  J.  R.,  Mgr.,  Tie  Dept.,  Kirby  Lbr.  Co.,  Box 
1852  370v 

Chireno 

Sutton,  J.  W.,  T.  O.  Sutton  &  Sons  1339s 

T.  O.  Sutton  &  Sons,  (J.  W.  Sutton,  Mgr.),  Box  25 

1339s 

Conroe 

tHanes,  F.  M.,  Plant  Supt.,  Conroe  Creosoting  Co., 
P.  O.  Box  109  454v 

Corrigan 

Edens,  James  B.,  Pres  ,  Edens-Birch  Lumber  Co.  2354v 


Dallas 

Anderson,  Richard  E.,  SW  Field  Pro.  Rep.,  Douglas 
Fir  Plywood  Assn.,  3332  Clydedale  Drive  2709v 

Spalti,  Horace  D.,  Pres.,  Olive  &  Myers  Mfg.  Co., 
2220  Young  St.  2362v 

El  Paso 

Finnegan,  Joseph  E.,  3814  Mobile  St.  2247v 

Galveston 

Moore,  E.  H.,  Vice  President,  International  Creosoting 
&  Construction  Co.  2569v 


Houston 

Bovay,  H.  E.,  Jr.,  Consulting  Engineer,  Esperson  Bldg. 
(2)  2288V 

tCanterbury,  Nathan  D.,  Cons.  Forester,  1612  Ruth  St. 
(4)  95a 


Jasper 

Hursey,  Paul  F.,  V.  P.  and  Gen.  Mgr.,  Kurth  Lumber 
Co.,  P.  O.  Box  5941  2282V 


Lufkin 

Henderson,  George  H.,  Gen.  Mgr.,  Angelina  Hard¬ 
wood  Sales  Co.,  P.  O.  Box  1020  2349v 

King,  Woodrow  W.,  907  S.  Second  St.  1362v 

Kramer,  Paul  R.,  Technologist,  Texas  Forest  Service, 
726  Hoskins  Dr.  2070v 

Marshall,  E.  D.,  Texas  Forest  Service,  P.  O.  Box  460 

1123T 

Sakornbut,  S.  S.,  Wood  Chemist,  Dept,  of  Forest 
Service,  Texas  Forest  Serv.,  702  Martha  St.  f560v 

fSprott,  C.  H.,  Chief  Forester,  Southland  Paper  Mills, 
Inc.,  Box  149  363v 

Orange 

fPeterson,  H.  S.,  Pres.,  Tex.  Creosoting  Co.,  Box  131 

207v 

fWest,  M.  A.,  Supt.,  Texas  Creosoting  Co.,  P.  O.  Box 
823  462v 


San  Antonio 

tChurch,  Wm.  C.,  Pres.,  Natl.  Creosote  Co.,  904 
Majestic  Bldg.  (5)  500v 

Waco 

Wm.  Cameron  &  Co.,-  (Frank  F.  Stevens,  Exec.  V.P. 

&  Gen.  Mgr.),  2400  Mary  St.  1291s 

Herrity,  George  F.,  Salesman,  Weyerhaeuser  Sales  Com¬ 
pany,  1605  N.  21st  St.  2581V 

Stevens,  Frank  F.,  Wm.  Cameron  &  Co.  1291s 


NORTHWEST  REGION 


ALASKA 

Ketchikan 

Daly,  Milton  J.,  Ketchikan  Spruce  Mills  1215s 

Ketchikan  Spruce  Mills,  (Milton  J.  Daly,  Pres.) 

1215s 

ALBERTA 

tl^lfows,  E.  S.,  Chief  Forester,  %  Eastern  Rockies 
Forest  Cons.  Bd.,  Calgary  Public  Bldg.  697v 

Edmonton 

Muttart,  M.  D.,  President,  Business  Enterprpises  Ltd., 
P.  O.  Box  310  2729V 

BRITISH  COLUMBIA 
Bloedd 

tBackman,  A.  V.,  Eng.,  Bloedel,  Stewart  &  Welch, 
Ud.  359v 

Dollanon 

Allardice,  Donald  C.,  (University  of  British  Colum¬ 
bia)  2589as 

Giscome 

Spurr,  A.  Roy,  VP  &  Mgr.,  Eagle  Lake  Sawmills,  Ltd. 

1420V 

Kamloops 

Gillmorc,  A.  H.,  Mgr.,  155  St.  Paul  Street,  W.  I445v 

New  Westminster 

Burgon,  George  L.,  Canadian  Forest  Products  Ltd., 

Foot  of  Braid  St.  2347v 

Durand,  Robert  A.,  Pres. -Gen.  Mgr.,  Durand  Machine 
Works,  Inc.,  101 — 11th  Street  2703v 

tGurd,  J.  M.,  Vice-President,  Timber  Preservers,  Ltd. 

847v 

Heller,  Paul,  Tech.  Mgr..  Pacific  Pine  Co.,  Ltd.  1937v 
Johnson,  (jeorge  T..  Gen.  Mgr.,  Tru-Fit  Millwork 
Co..  2950  Beresford  St.  1950v 

Prentice,  John  G..  V.  P.  &  Secy.,  Canadian  Forest 
Products,  Ltd.,  Foot  of  Braid  St.  1716s 

Springate.  Norman  C.,  Assistant  Supt.,  Canadian  For¬ 
est  Products  Limited,  Foot  of  Braid  Street  17l4v 


Canadian  Forest  Products  Limited,  (John  G.  Prentice, 
V.P.  and  Secy.),  Foot  Braid  Street  1716s 

Wellwood,  Ernest  W.,  Canadian  Forest  Products  Ltd., 
Field  Operations  Dept.,  Braid  St.  1863v 

Nonh  Vancouver 

Halloiiquist.  Earl  G.,  138  West  19th  Street  117v 
Port  Albemi 

tOunham,  C.  B.,  Chief  Engr.,  Bloedel,  Stewart  & 
Welch,  Ltd.,  Si  Dunbar  St.  360v 

fMottishaw,  J.  S.,  Chief  Forester,  Bloedel,  Stewart  Ic 
Welch,  Ltd.,  P.  O.  Box  650  36lv 

Petrie,  James,  Mgr.,  Pulp  Div.,  Bloedel,  Stewart  & 
Welch,  Ltd.,  P.  O.  Box  750  227 Iv 

tRobson,  C.  V.,  Resident  Mgr.,  Bloedel,  Stewart  & 
Welch,  Ltd.,  Si  Dunbar  St.  298v 

Powell  River 

tAndrews,  I.  H.,  Tech.  Dir.,  Powell  River  Company, 
Ltd.  260v 

Prince  George 

Pratt.  E.  A.,  Sales  Manager,  Northern  Spruce  Sales. 
Ltd.,  Box  786  2573v 

Vancouver 

Armstrong,  John  B.,  Plywood  Manufacturers  Assq. 

of  B.  C.,  718  Metropolitan  Bldg.,  837  W.  Hastings 
.  .  348v 

Anderson,  Harvey  M.,  Student,  Univ.  of  B.  C.,  1412 
E  37th  Ave.  1506as 

tAndrews,  Leonard  R.,  Sec. -Mgr.,  Brit.  Col.  Lumber, 
Mfg’s.  Assn.,  718  Metropolitan  Bldg.,  Hastings  St. 
«  ,  126v 

Brancroft,  Hugh  G.,  Student.  Univ.  of  B.C.,  4606 
W.  7th  Ave.  181  las 

Bene,  John,  Western  Plywood  Co.,  Ltd.,  900  E.  Kent 
Ave.  1066v 

fBloedel,  Prentice.  Pres.,  Bloedel,  Stewart  &  Welch. 
Ltd..  904  Standard  Bldg.  215v 

British  Columbia  Lbr.  Mfgrs.  Assoc.,  (L.  R.  Andrews. 

Secy-Mgr.),  837  W.  Hastings  St.  1178s 

tBrown,  Roscoe  M.,  Supt.,  Forest  Prod's.  Lab.,  % 
Univ.  of  Brit.  Col.  267v 
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RED  BLANKET 
LUMBER  CO. 


Manujacturers  of 
OLD  GROWTH  DOUGLAS  FIR 


SAWMILLS 


DRY  KILNS 


PLANING  MILL 


Sales  Agents: 

RED  BLANKET  LUMBER 
SALES 


fer  fast.  Operation  af  Drp  KUa  Poors 

DMI^ARRIER 


Famous  the  world  over  since  1904** 


.  .  .  makes  removing  and  replacing 
kiln  doors  a  simple,  one-man  job  re¬ 
quiring  only  a  few  seconds!  This  fast, 
efficient  method  also  helps  save  your 
doors — by  supporting  the  weight  uni¬ 
formly  to  eliminate  stresses  and 
strains,  and  gentle  (though  speedy) 
handling.  There’s  a  Universal  Carrier 
to  handle  any  size  and  weight  of  door 
with  ease.  Let  us  show  you  how  to 
reduce  your  heavy  doors  to  feather¬ 
weights  ! 


'Universal  o 

^  1117  Cornell 


OOR  CARRIER,  INC. 

Avenue  •  Indianapolis  2,  Indlono 


EAGLE  POINT,  OREGON 
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tBurke,  John  N.,  Sec. -Mgr.,  B.  C.  Loggers’  Assn., 
1)13  Standard  Bldg.  288v 

tGuernsey,  Frederick  W.,  Forest  Prod.  Eng.,  Forest 
Products  Laboratory,  University  of  British  Columbia 
,  8J9v 

Hackett,  George  R.,  Pres.,  Robertsonn  Sc  Hackett 
Sawmill  Co.,  Ltd.,  1)50  Granville  St.  201v 

Half,  John  W.  G.,  U.  of  B.  C.,  Box  8,  Hut  9  E. 

Little  Mountain  Camp  2)84as 

Harris,  Stanley  L.,  Ass’t  Mgr.,  Monsanto  (Canada) 
Limited,  Granville  Island  1748v 

fKnapp,  F.  Malcolm,  Prof,  of  Forestry  &  Director  of 
Univ.  Forests,  University  of  B.  C.  840v 

Maddigan,  S.  E.,  Director,  British  Columbia  Research 
Council,  University  of  British  Columbia  1936v 

MacDonald,  J.  G.,  Sales  Engr.,  National  Machinery 
Co.,  Ltd.,  Granville  Island  20J7a 

McIntosh,  James  A.,  Student,  Univ.  of  British  Colum¬ 
bia,  4362  West  Second  Ave.  1840is 

McLean,  William  John,  Student,  (University  of  B.  C.), 
803  Drake  Street  2743as 

McMullan,  D.  L.,  Forester,  British  Columbia  Forest 

Products,  Ltd.,  99)  West  Sixth  Ave.  I678v 

MacMillan  Industries,  Ltd.,  Plywood  Division  (H.  W. 

Peck,  Ch.  Chem.),  Box  340  159^' 

M?nley,  Lemder.  Secy. -Mgr..  Canadian  Pulp  &  Paper 
Assn.,  805  Dominion  Bank  Bldg.  2389v 

Northcott,  Philip  L.,  Forest  Eng.  &  Forester,  P.  L. 

North'otf  P.  Eng..  4772  Narv-ez  Drive  l)38i 

Peck,  H.  W.,  Ch.  Chem.,  MacMillan  Industries,  Dd., 
Box  340  1599s 

Schaffer,  Leslie  F.,  Western  Plywood  Co.,  Ltd.,  900  E. 

Kent  Ave.  1067v 

Schultz,  Charles  D.,  C.  D.  Schultz  Sc  Co.,  Ltd.. 

32)  Howe  St.  1233v 

Smith,  Donald  S..  Engineer  British  Columbia  Research 
Council,  University  of  B.  C.  22)3v 

tSmith,  S.  G..  V.  P.,  Bloedel,  Stewart  Sc  Welch,  Ltd.. 

904  Standard  Bldg.  362v 

tSteiner,  Dr.  Albert  B..  Tech.  Manager,  Alaska  Pine 
Sales  Co.,  Ltd.,  401  Marine  Bldg.  797v 

Bloedel,  Stewart  &  Welch.  Ltd..  (Prentice  Bloedel. 

Pres.  &  Treas.).  904  Standard  Bldg.  1316s 

tWellwood.  Robt.  W.,  Assoc.  Prof.,  Dept,  of  Forestry. 

Univ.  of  British  Columbia  46lv 

Whittall.  H.  V..  Mgr.,  Canadian  Forest  Products,  Ltd., 
9110  Mi'ton  St.  1288a 

Whitten.  Jos.  E..  Managing  Dir.,  Spear  &  Jackson 

(B.  C  )  Limited,  Granville  Island  2679v 

Wilson.  David  A..  Asst,  to  Forester,  Alaska  Pine  Sales 
Ltd.,  4JC3  W.  7th  Ave.  21  Da 

Vir^oria 

Kerr,  Archibald  S.,  Manning  Timber  Products,  Ltd., 
1910  Store  St.  61  )v 

tSmith,  M.  F.,  %  Sidney  Roofing  Sc  Paper  Co.,  Ltd. 

44)v 


West  Vancouver 

Littleford.  Thomas  W..  (University  of  British  Co'uni- 
bia),  1336  Duchess  Ave.  2)8)as 

Youbou 

Williams,  Nicholas  T.,  B.  C.  Forest  Products,  Dd. 

2793v 


IDAHO 

Boise 

Shellworth,  E.  W.,  Owner-Mgr.,  Portable  Lumber 
Company,  300  E.  Bannock  2068v 

Crouch 

Storms,  lames  E.,  Sawmill  Supt.,  Portable  Lumber 
Co.,  P.  O.  Box  85  1977V 

Gibbs 

Brown,  L.  V.,  Northwest  Timber  Co.  2)4)v 

Headquarters 

Fleener,  Edgar  T.  I486v 

Lewiston 

Bussert,  L.  Keith,  1524 — l6th  St.  1390as 


White,  H.  Z.,  Research  Engineer,  Potlatch  Forests  Inc. 

1089V 

Potlatch  Forests,  Inc..  (H.  Z.  White.  Research  Engr.) 

1617s 

McCall 

Brown,  Warren,  H.,  V.P.,  Brown’s  Tie  &  Lumber  Co. 

1954v 

Moscow 

tEllis,  Everett  L..  Asst.  Prof,  of  Forestry,  School  of 
Forestry.  Univ.  of  Idaho  ^  275v 

Hubert,  Ernest  E.,  School  of  Forestry,  University  o( 
Idaho  1502v 


St.  Maries 

Pugh,  L.  R.,  President,  The  St.  Maries  Lumber  Co., 
P.  O.  3  924v 

Sandpoint 

Haynes.  D.  L.,  Pack  River  Lumber  Co.  989v 

Pack  River  Lumber  Co.,  (D.  L.  Haynes,  Chemical 
Eng.),  Box  510  l600s 

tTimm,  John  L.,  Forester,  Idaho  Pole  Co.,  Box  128 

341v 


MONTANA 

Bonner 

Madsen,  Melvin  M.,  Dry  Kiln  Supt.,  Anaconda  Copper 
,  Mining  Co.,  Box  555  1796v 

Kalispell 

fAnderson,  Emil  A.,  Ass’t  State  Forester,  627  Second 
Ave.,  E.  67v 

Larson,  Hans,  Mgr.,  American  Timber  Co.,  Conrad 

Bank  Bldg.  2266v 

O’Neil,  Lawrence  E.,  Mgr.,  Forest  Products  Co., 

61  First  Ave.,  E.N.  1608v 

Libby 

Neils,  Richard  P.,  J.  Neils  Lumber  Co.  1073v 

Missoula 

♦Anderson,  I.  V.,  Chief,  FUS,  No.  Rocky  Mts.  Forest 
Expr.  Sta.  677v 

Mueller,  Lincoln  A.,  Forester,  FUS.  N.  Rocky  Mt. 

Forest  Experiment  Sta.,  Federal  Bldg.  1999v 

tSpaulding,  T.  C.,  Prof,  of  Forest  Utilization,  School  of 
Forestry,  Montana  State  University  54v 


OREGON 
Adair  Village 

Davis,  Chester  D., 
—Apt.  4 

Frashour,  R.  G., 
Apt.  3 

Horne,  Gerard  F. 

D-13,  Apt.  2 
Mangan,  John  W 
C-16,  Apt.  3 
Norton,  Robert  G 
B-23.  Apt.  10 
Parks,  Walter  H., 
Albany 

Hyatt,  Marx,  Pres,. 
Box  282 


Student,  Oregon  State  College,  B4 
202 8as 

Oregon  State  College,  Unit  B-16, 
2784as 

,  Student,  Oregon  State  College. 

2226as 

.,  Student,  Oregon  State  College, 
2049as 

.,  Student,  Oregon  State  College, 
I440as 

C  1-1  2620as 

Standard  Pole  Sc  Piling  Co.,  P.  O. 

Il41v 


Ashland 

Collins,  lohn  C.,  Owner-Mgr.,  Ashland  Lumber  Co., 
384  Oak  St.  1403V 

Baker 

Lighthall.  A.  C.,  Jr.,  Oregon  Lumber  Co.  1194s 

Oregon  Lumber  Co.,  (A.  C.  Lighthall,  Jr.),  Drawer 
391  1194s 

Bandon 

Kronenberg,  John  F.,  Lumberman,  Kronenberg  Log¬ 
ging  Co.,  Box  461  2223v 

Beaverton 

Miles,  Thomas  R.,  Consulting  Engr.,  3351  Jamieson 
Road  ^  395v 

Bradwood 

Harding,  Lester  J.,  Gen.  Mgr.,  Columbia-Hudson 
Lumber  Co.  I402v 


Coos  Bay 

Kvale,  Palmer  L.,  Wood  Technologist,  Coos  Bay 
Lumber  Co.  1095v 

tMeiler,  John  G.,  Coos  Bay  Lumber  Co.,  Bunker  Hill 

131v 

tMerten,  Geo.  J.,  Engr.  Sc  Lab.  Dir.,  Evans  Prods.  Co. 

358v 

Wehrle,  Armin  A.,  Wood  Techno.,  Coos  Bay  Lumber 
Co.  2521V 

Corvallis 

tBaker,  Wm.  J.,  Oregon  Forest  Prod.  Lab.,  17th  & 
May  Streets  Iv 

Blakaey,  C.  Dwayne,  Student,  Oregon  State  College, 
1971  Taylor  St.  1524as 

Burnett,  Don,  Student,  Oregon  State  College,  406 
Adams  St.  I484as 

Carlson,  William  H.,  Oregon  State  College  Library 

998a 

Chase,  Harry  A..  15  Edgewood  Way  26l6as 

Conkling,  Ray,  Oregon  State  College,  143  N.  Tenth 
St.  2834as 

DeGrace,  Robert  E.,  Engr  Timber  Structures,  Inc., 
5  Sunset  Drive  2605v 

Dunn,  Paul  M.,  Forestry  R  search  Foundation,  School 
of  Forestry,  Ore.  State  College  1058v 


1 
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For  the  Really  Tough  Jobs  .  .  . 
MEREEN-JOHNSON  No.  441 
Heavy  Duty  Gang  RIP  SAW 


•  Up  to  125  HP  .  .  .  12^'  or  19^' 
saw  space 


•  Variable  feed  drive  up  to  300 
ft.  per  minute 


•  Six  power  driven  feed  rolls 


Bugged,  powerful— made  for  fast 
production  on  the  most  difficult 
gang  ripping  jobs.  Three  pairs  of 
power-driven  feed  rolls  really  take 
hold  of  any  class  of  stock.  Kick 
back  stops  between  infeed  rolls 
eliminate  accidents.  An  exclusive 
beam  type  mounting  makes  the 
arbor  unusually  smooth  running  . . 
and  this  entire  arbor  assembly  is 
adjustable.  Automatic  hopper  feed 
is  available  as  an  extra. 


For  complete  specifications,  write  for 
Bulletin  No.  441. 


FOR  LIGHTER  RIPPING  JOBS  . . . 
MEREEN-JOHNSON 
GANG  RIP  SAW  NO.  440 


Lighter  duty  than  the  No.  441,  this 
machine  for  sawing  cleats  can  also 
be  used  for  many  other  purposes. 
Bulletin  No.  440  contains  the  com¬ 
plete  data. 


MACHINE  COMPANY 
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tGraham,  Robert  D.,  Wood 
Forest  Products  Lab. 
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Technologist,  Oregon 

_  639v 

tGrantham,  John  B..  Assoc.  Prof,  of  Wood  Products, 
School  of  Forestry,  Oregon  State  College  188v 
Jimerson,  Warren  C.,  Oregon  State  College,  Box  56, 
Main  Dormitory  2799as 

Kramer,  Ralph  N.,  404  N.  26th  2307as 

tKurth,  Ervin  F.,  210  Industrial  Bldg.,  Oregon  State 
College  43v 

Lind,  Bob,  Oregon  State  College  of  Forestry,  853  Har¬ 
rison  St.  2836as 

tMacdonaid,  Mortimer  D.,  Wood  Technologist,  Oregon 
Forest  Products  Lah.  824v 

Mackenzie,  Donald  W.,  Oregon  State  College,  School 
of  Forestry,  143  N.  Tenth  St.  2819as 

McKeown,  Patrick  V.,  Student,  Oregon  State  College, 
402  N.  16th  2018as 

Nixon,  Gaylord  D.,  Oregon  State  College  of  Forestry, 
2111  Harrison  St.  2837as 

Ostertag,  Roy  B.,  Jr.,  (Oregon  State  College),  3752 
West  Hills  Rd.  2774as 

Pfeiffer,  J.  R.,  Oregon  State  Forest  Products  Labora¬ 
tory  2062as 

tProctor,  Phimister  B.,  Tech.  Dir.,  Oregon  Forest 
Products  Lab.,  Oregon  State  College  132v 

Sarvis,  James  C.,  Student,  Oregon  State  College,  23i 
North  I4th  Street  2145as 

tSnodgrass,  James  D.,  Instr.  in  Wood  Products,  School 
of  Forestry,  Oregon  State  College  185v 

Stanfield,  Wesley  C.,  Main  Dormitory,  Box  81  2627as 

Stillinger,  John  R.,  Chief,  Industrial  Serv.  Sec.,  17th 
&  May  Sts.,  Oregon  Forest  Products  Laboratory 

2599V 

Trom,  Alfred  F..  (Oregon  State  College),  408  S.  13th 
St.  2524as 

Warren,  Richard  L.,  Oregon  State  College,  1748  N. 

•9th  St.  2067as 

tWest,  W.  I.,  Asst.  Prof,  of  Wood  Prod.,  School  of 
Forestry,  Oregon  State  College  193v 

t Wilcox,  Hugh  E.,  Research  Wood  Technologist,  Ore¬ 
gon  Forest  Prod.  Lab.,  Oregon  State  College  102v 
Williams,  Wyman,  Jr.,  Student,  Oregon  State  College, 
Room  31,  Central  Hall  O.  S.  C.  1995as 

Winkel,  Lyle  D..  Student,  Oregon  State  College,  326 
N.  4th  St.  2040as 

Winsor,  Frederick  W.,  759  Monroe  Courts  1554v 
Dallas 

Overholser,  James  L.,  Student,  Oregon  State  College, 
Route  2,  Box  112  2174as 

Eugene 

tCox,  H.  J.,  Pres.,  Oregon  Forestry  Research  Founda¬ 
tion,  P.  O.  Box  1192  66v 

tjenkins,  Eliot  H..  President,  The  Booth  Kelly  Lbr. 

Co.,  Box  1112  518v 

Nystrom,  Leonard,  President,  Associated  Plywood 
Mills,  Inc.,  Second  &  Garfield — P.  O.  Box  672 

1868V 

Overgard,  J.  A.,  Western  Veneer  Co.,  3015Vi  River 
Road  1142V 

Wahlman.  V.  W.,  Res.  Engr.,  Associated  Plywood 
Mills.  Inc.,  P.  O.  Box  672  2754v 

Plow,  Richard  H.,  Editor,  Vance  Publishing  Corp., 
971  Hilyard  Street  271 4v 

Wahlman,  Victor  W..  Research  Engr.,  Associated  Ply¬ 
wood  Mills,  Inc.,  P.  O.  Box  672  2754v 

tWylie,  Kenneth.  West  Coast  Rep.,  The  Bauer  Bros. 
Co.,  P.  O.  Box,  1164  710v 

Forest  Grove 

Gilkey,  James  L.,  Wood  Techn.,  Stimson  Lumber  Co.„ 
2113  17th  Ave.  1394v 

Tower,  Gordon  Eugene,  Technical  Director,  Forest 
Fiber  Products  Co.  548v 

Miller,  Harold  A.,  Stimson  Lumber  Co.  I400s 

Stimson  Lumber  Co.,  (Harold  A.  Miller,  VP  &  Gen. 
■  ■  1400s 


Mgr.),  Box  68 
Glenwood 

Gould,  Roy  A.,  Pres.  &  Gen.  Mgr., 


Atlas  Logging  Co. 

1280v 


Jewell 

Grant,  lack  E.,  Forester,  Crown  Zellerbach  Corp., 
Elsie  Route  2002v 

Klamath  Falls 

Thompson,  Robert  E.,  Sutdent,  Oregon  State  College. 
1234  Pacific  Terrace  2006as 

Lakeview 

McPherson.  A.  B.,  1224  S.  First  St.  1393as 

Lebanon 

Uschmann.  Curt.  Engineer,  Cascades  Plywood  Cor¬ 
poration  1321a 


Lee’s  Camp 

Kirnak,  Alex,  As$t.  Mgr.,  Diamond  Lumber  Co. 

2539V 

McMinnville 

Anderson,  Bruce  G.,  Oregon  Forest  Products  Labora¬ 
tory,  135  W.  Seventh  St.  .2789v 

Medford 

fFianagan,  George  .,  V.  P.  &  Mgr.,  Elk  Lumber  Co., 
P.  O.  Box  606  247v 

Hart,  F.oyd,  Pres.,  Timber  Products  Co.,  P.  O.  Box 
152  1753V 

Nutting,  B.  L.,  Manager,  Medford  Corporation  1642a 

Sampert,  Herbert  C.,  Production  Mgr.,  Elk  Lumber 
Co  .  P.  O.  Box  606  1752V 

Milwaukie 

Ehelebe,  Carl,  5921  S.  E.  Monroe  St.  (22)  1366as 

Kirkpatrick,  Edward  I.,  Student,  Oregon  State  College, 
2800  Washington  St.  1983as 

tTitus,  Reginaldf  T..  Exec. -Secy.,  Western  Forest  In¬ 
dustries  Assoc.,  606 — 37th  St.  759v 

North  Bend 

Clausen,  Victor  H.,  Jr.,  2588  Sherman  Ave.,  Apt.  5 

2150as 

Kruse,  Keith,  (Oregon  State  College),  2666  Stanton 
St.  2525as 


North  Portland 

tSteel,  Joseph  I.,  Secretary,  Moore  Dry  Kiln  Co.  339v 
Oregon  City 

Briun,  Crrl  E.,  V.  P.,  Publishers’  Paper  Co.  2364v 
Portland 

jBaker,  Robert  E.,  V.  P..  Sunset  Logging  Co.,  907 
Failing  Bldg.  (4)  266v 

Bioch,  ivan,  industrial  Consultant,  621  Park  Building 
(5)  2692 v 

Brown,  Clay,  Pres.,  Clay  Brown  &  Co.,  1111  U.  S. 

National  Bank  Blc^.  (4)  1287v 

tBurns,  Henry  L.,  Chemical  Engineer,  1825  N.  E. 

102nd  Ave.  (16)  584v 

Burnside,  Bradley  A.,  N.  E.  122nd  2J66v 

Cascade  Pacific  Lumber  Co.,  (John  J.  Helm,  Manager), 
319  Pacific  Building  (4)  1181s 

Cascades  Piywood  Corporation,  (Charles  W.  Fox, 
V.P.),  1016  Public  Service  Bldg.  (4)  1628s 

fCollins,  Truman  W.,  Pres.,  Collins  Pine  Co.,  909 
Terminal  Sales  Bldg.  324v 

Cone,  Charles  N.,  Technical  Dir.,  U.  S.  Plywood 
Corp.,  Glue  Mfg.  Div.,  Box  2629,  St.  Johns  Sta. 
(3)  2418V 

tCook,  Franklin  W.,  1960  N.  W.  Lovejoy,  Court  jt3 

424v 


Cornwall,  George  F.,  Man.  Ed.,  The  Timberman, 
519  S.  W.  Park  Avenue  (10)  2183a 

tCoward,  Gordon  N.,  Jones  Lumber  Co.,  5500  S.  W. 

Micadam  Ave.  534v 

Cowlin,  R.  W.,  Forest  Econ.,  U.S.F.S.,  Pac.  NW 
For.  Exp.  Sta..  423  U.  S.  Courthouse  (1)  2469v 

Dawson,  Don,  MacWilkins,  Cole  &  Weber,  712  Cor¬ 
bett  Bldg.  2788V 

tDrew,  Everett  G..  Drew  Engrng.  Co..  809  N.  E.  Lom¬ 
bard  St.  (11)  157v 

Doan,  W.  E.,  Gen.  Mgr.,  Forest  Products  Treating 
Co.,  541  Pittock  Block  (5)  1195s 

Ervin,  H.  O.,  Portland  Gas  &  Coke  Co.,  Public  Serv¬ 
ice  Bldg.  2787a 

Farley,  Eugene  D.,  1208  Equitable  Bldg.,  421  S.  W. 

6th  Ave.  1031V 

Forest  Products  Treating  Co.,  (W.  E.  Doan,  General 
Mgr.),  541  Pittock  Block  (5)  1195s 

Fox.  C.  W.,  Cascades  Plywood  Corp.  1050v 

Frank,  Bernard  K.,  Export  Mgr.,  Pacific  Export  Lum¬ 
ber  Co.,  1010  U.  S.  Bank  Bldg.  (4)  1897v 

Gough.  George  H.,  Jr.,  Mgr.,  McCloskey  Varnish  Co. 
of  the  Northwest.  4155  N.  W.  Yeon  Ave.  (10) 


tHall,  J.  Alfred.  Director,  Pacific  NW  For.  Expt. 

Station.  423  U.  S.  Courthouse  (5)  746v 

tHansen,  Ray  C.,  Mgr.,  National  Tank  &  Pipe  Co., 
2301  N.  Columbia  Blvd.  (3)  700v 

Healy,  William  A.,  Jr.,  Furniture  Worker,  Sterling 

Furniture  Mfg.  Co.,  1696  S.  W.  Montgomery  Dr. 
( 1 )  2420V 

Helm,  John  J.,  Mgr.,  Cascade  Pacific .  Lumber  Co., 
319  Pacific  Bldg.  (4)  1181s 

tHess,  I.  I.,  Chief  Engr.,  Forest  Prods.  Treating  Co., 
54l  Pittock  Block  (5)  464v 

tHoener.  Edgar  P.,  Bus.  Mgr.,  The  Timberman,  519 
S.  W.  Park  St.  (5)  347v 

Kato,  H.  Y.,  Mgr.,  West  Coast  Orient  Co.,  201 
N.  W.  Second  Ave  (9)  l883a 

Kearns,  lames  L.,  Manufacturers  Representative,  P.  O. 
Box  5125  (16)  2612V 
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ORDER  FROM  THE  NEAREST  HARSHAW  BRANCH 

Copper  Naphthenate  Copper  Oleote  Solid 

Solid  (11%  Cu)— Liquid  (8%  Cu)  (10%  Cu) 

Zinc  Naphthenate  Copper  Linoleate  Solid 

Solid  (14%  Zn)-Liquid  (8%  Zn)  (10%  Cu) 

Copper  Resinate  Precipitated  Copper  Hydrate 

(9%  Cu)  (63%  Cu) 


HARSHAW  CHEflAICALco. 

1945  E.  97th  Street,  Cleveland,  Ohio 

BRANCHES  IN  PRINCIPAL  CITIES 


'Chicago  •  Cincinnati  •  Detroit  •  Houston  •  Los  Angoios  •  Phiiadoiphia  •  Pittsburgh  •  Now  York 


Everything  In  Heavy 
Sawmill  JHadiineiy 

1865-1950  Prescott — 1873-1950  Allis  Chalmers 

THE  PRESCOTT  COMPANY  have 
acquired  the  manufacturing  rights, 
together  with  drawings,  records  and 
patterns  of  the  sawmill  machinery 
manufactured  for  seventy-seven  years 
by  the  Allis-Chalmers  Manufacturing 
Company.  Complete  machines  or  re¬ 
pairs  can  be  furnished  by  us  for  either 
line. 

Made  and/or  sold  in  Canada  by 
Canadian  Alli&-Chalmers'  Limited, 
Lachine,  P.  Q. 

THE  PRESCOn  COMPANY 

MENOMINEE,  MICHIGAN,  U.S.A. 
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Ketchum,  Verne,  Chief  Engr.,  Timber  Structures,  Inc., 
P.  O.  Box  3782  321v 

fKnauss,  A.  C.,  Wood  Technologist,  U.  S.  Forest 
Service,  423  U.  S.  Courthouse  713v 

tLocke,  Edward  G.,  Chem.  Engr.,  Pac.  N.  W.  Forest 
&  Range  Exp.  Sta.,  423  U.  S.  Court  House  (5)  I6v 
Lockwood,  W.  E.,  Owner,  Lockwood  Wood  Products. 

706  N.  Page  St.  (12)  1300v 

tLong,  L.  E.,  Div.  Mgr.,  Amer.  Cross  Arm,  Inc., 
P.  O.  Box  1256  458v 

Lundeen,  A.  R.,  Dant  &  Russell,  Inc.,  1108  U.S. 

Nation.il  Bank  Bldg.  (4)  1047v 

May,  T.  K.,  Dir.  or  Tech.  Service,  West  Coast  Lum¬ 
berman's  Assn.,  1410  S.W.  Morrison  St.  (13)  1461s 

tMayer,  Ward,  Pres.,  Timber  Structures,  Inc.,  P.  O. 
Box  3782  (8)  627V 

McGraw,  E.  J.,  Sales  Repres.,  Acme  Steel  Co.,  2044 
N.W.  Pettygrove  St.  (9)  2809a 

McSorley,  W.  B.,  Columbia  Door  Co.,  4701  S.  E. 
24th  Ave.  (2)  1070v 

tMyers,  Earl  C.,  Dir.  of  Research,  The  Wooden  Box 
Institute,  7733  S.  E.  13th  Ave.  (2)  381v 

National  Tank  &  Pipe  Co.,  Ray  C.  Hansen,  Mgr.. 

2301  N.  Columbia  Blvd.  (3)  1173s 

J.  Neils  Lumber  Co.,  (Paul  Neils,  Pies.),  505  Public- 
Service  Bldg.  (4)  1466s 

tNeils,  Paul,  Pres.,  J.  Neils  Lbr.  Co.,  505  Public 
Service  Bldg.  (4)  493v 

Olson,  Harold  Mgr.,  Western  Office  American  Forest 
Products  Industry,  Inc.,  519  Yeon  Bldg.  2770v 

tOtt,  Chester  W.,  Mgr.  Treating  Div.,  West  Oregon 
Lumber  Co.,  P.  O.  Box  6106  (9  )  634v 

Peet,  Herbert  M.,  Representative,  Office  of  Se.retary, 
U.S.D.A.,  706  Cascade  Bldg.  (4)  607v 

tRasmussen,  Carl  A.,  Research  Engr.,  Research  Lab., 
Western  Pine  Assn.,  7733  S.  E.  13th  Ave.  (2)  457v 

tRawson,  R.  H.,  Consulting  Timber  Engr.,  1206  Yeon 
Bldg.  (4)  123v 

Richen,  C.  W.,  Crown  Zellerbach  Corp.,  1400  Pubi  c 
Service  Bldg.  (4)  925v 

tRozema,  Charles  E.,  NW  Representative.  Resinous 
Prod.  &  Chemical  Co.,  1004  American  Bank  Bldg. 
(5)  747v 

Runckel,  William  J.,  Tech.  Dir.,  Oregon  Lumber 

Company,  1661  S.  E.  Rex  (2)  2690v 

Rushlight,  W.  A.,  President,  Rushlight  Automatic 

Spr.  Co.,  407  S.  E.  Morrison  Street  2723v 

tSackett,  H.  S.,  Managing  Partner,  Wood  Products  C  '.. 

518  Public  Service  Bldg.  (4)  127v 

Salquist,  Lyle  W.,  Chapman  Chemical  Co.,  417  Term' 
nal  Sale*  Bldg.  (5)  27C9v 

Simpson,  H.  V.,  Exec.  V.  P.,  West  Coast  Lumber¬ 
men’s  Assn.,  1410  S.  W.  Morrison  St.  2768.' 

Skalley.  L.  N.,  Auditor,  Brownsville  Timber  Co.,  336 
Pacific  Bldg.  (4)  l608i 

Spratlen.  Sanford  O.,  Asst.  Mill  Mgr.,  Western  Co¬ 
operage.  Inc.,  630  American  Bank  Bldg.  (5)  2535v 

tStamm,  Edward  P.,  Logging  Manager,  C'own-Ztl'er 
bach  Corp.,  1400  Public  Service  Bldg.  (4)  729v 

fStout,  Albert  W..  Research  Chemist.  Western  Pme 
Assn.  Research  Lab.,  7733  S.  E.  13th  St.  (2)  198v 

Stuart,  Alfred  I.,  Industrial  Engineer,  P.  O.  Box  5069 
^  (13)  2719  ’ 

tSwanson,  Robert  W.,  Engineer,  1206  Yeon  Bldg.  (4) 

608v 

Timner  Structures,  Inc..  (Ward  Mayer,  Pres.),  3409 
N  W.  Yeon  Ave.  Box  ^782  (8)  1222s 

Wall.  F.  Allen,  President,  Wall,  Lundberg  &  Co..  961 
N.  ^ring  St.  (12)  2796v 

Warwick  C.  Herb.  Production  Mgr.,  Nicolai  Door 
Mfg.  Co.,  1812  N.  Columbia  B'vd.  (17)  2444v 

We.:!  Coist  Lumberman’s  Assn..  (T.  K.  Mav.  Director 
of  Tech.  Service),  1410  S.  W.  Morrison  Street  (13) 

l4<;is 

Western  Pine  Association,  iKDarl  A  Rasmussen,  Re¬ 
search  Dir.),  7733  S.  E.  13th  Ave.  (2)  2562s 

Whiteside.  John  M.,  Entomologist,  USDA,  Foros*- 
Insect  Investigations,  445  U.  S.  Courthouse  (61 

1757v 

Wilkinson,  G.  C.,  President,  Lumber  Manufacturers 
Inc.,  2530  S.  E.  Steele  St.  (2)  1903v 

Wolf,  Robert  E..  Forester,  Bureau  of  Land  Man.ave- 
ment  USDI.  5447  N.  Montana  Ave.  (11)  2658v 

tWoodworth,  Charles  H.,  Chief  Eng.  Div.,  Timber 
Structures,  Inc.,  P.  O.  Box  3782  (8)  629v 

Prineville 

Peterson,  Carl  A.,  Owner,  Carl  Peterson  Co.,  P.  O. 
Box  552  1963v 

Prospect 

Mattson,  W.  C.,  Mgr.,  Red  Blanket  Lumber  Co. 

1385a 


Redmond 

Healy,  J.  M.,  Mgr.,  Central  Oregon  Fir  Supply  Co., 
Box  1031  2014v 

Roseburg 

Black,  Ernest  D.,  414  Mill  St.  1926as 

Gremmel,  G.  Douglas,  Student,  Oregon  State  College, 
935  Chapman  St.  1523as 

Jacobson,  Thomas  H.,  Student,  Oregon  State  College, 
935  Chapman  St.  1994as 

Warg,  Sam  A.,  Forester,  Box  710  1805a 

Salem 

White  Vernon  C.,  1020  Cascade  Dr.  2136as 

Scottsburg 

Van  Orden,  R.  R.,  Logging  Supt.,  Gardiner  Lumber 
Co.  1906v 

St.  Helens 

Frisch,  L.  V.,  Gen.  Man.,  Fir-Tex  Insulating  Board 
Company,  P.  O.  Box  1186  2181v 

fVance,  Paul  N,  Wood  Supply  Mgr.,  Fir-Tex  Insulat¬ 
ing  Board  Co.,  P.  O.  Box  1186  l63v 


Silverton 

Hanson,  Robert  N.,  305  Mill  St. 


2644as 


Springfield 

Arneson,  Gus  N.,  Springfield  Plywood  Corp.  974v 
Tigard 

Camp,  Van  S.,  Mgr.  &  Pres.,  Air-King  Mfg.  Corp., 
P.  O.  Box  908  I4l0v 

Tillamook 

Wade,  Herold  E.,  Sales  Manager,  Tillamook  Bay 
Lumber  Co.,  Box  268  1866v 

Vemonia 

tTousley.  Fred  J.,  Dry  Kiln  Foreman,  Oregon  Ameri¬ 
can  Lumber  Co.  748v 

Warren  ,  . 

Robison,  John  E.,  Chemist,  Route  1,  Box  256-A  I62v 

Warrenton 

Beyer,  George  W.,  Sales  Mgr.  and  Secretary-Treasurer, 
Prouty  Lumber  &  Box  Co.  2291v 

Zig  Zag 

Ferraris,  Edwin.  Box  120  2232v 

WASHINGTON 

Aloha 

Kurtz,  D.  A.,  Manager,  Aloha  Lumber  Co.  1869v 

Anacortes 

Connors,  John  I.,  Anacortes  Veneer  Inc.  1849v 

Peirson,  Clifford  H.,  Production  Supt.,  Washington 

Veneer  Co.,  2320  Commercial  973v 

Ward,  George  B.,  Jr.,  Industrial  Executive,  Coos  Bay 


Pulp  Corp. 

Bellingham 

Dinger.  Frank,  Jr.,  Chem. 
wood,  Inc. 

Blaine 

Hough,  H.  J.,  Sales  Mgr 
P.  O.  Box  445 
Camas 

Anderson  C  A.,  Crown  Zellerbach  Corp. 


192IV 

Eng.,  Mount  Baker  Piy- 
1323V 

Kynell  Industries.  Inc., 
1961v 

926v 


Holzer.  W.  F.,  Crown  2^11erbach  Corp.,  Central 

Research  &  Tech.  Dept.  930v 

Mover,  W.  W.,  Crown-Zellerbach  Corp.,  Central 

Research  Dept.  2572v 

Centralia 

Linscott,  I.  L.,  Pres.,  Linscott  Mfg.  Co.,  Inc.,  P.  O. 
Box  215  1784v 

Deer  Patk 

Deer  Park  Pine  Industry,  Inc.,  J.  H.  Leuthold,  Pres. 

&  Gen.  Mg'-.  .  1313s 

Leuthold,  J.  H.,  Deer  Park  Pine  Industry,  Inc.  1313s 

Enumclaw 

Blessing,  William  J.,  University  of  Washington,  Rt.  3, 
Box  415  1932as 

Olson,  L.  G.,  Mgr.,  Weyerhaeuser  Timber  Co.,  White 
River  Branch  2398v 

Everett 

William  Hulbert  Mill  Co.,  (W.  G.  Hulbert,  Jr,  Sec¬ 
retary),  12th  and  Bavside  1156s 

Hulbert,  W.  G..  Jr.,  William  Hulbert  Mill  Co.  1156s 

Robinson.  Joseph  C,  Asst.  Lob  Buyer,  Everett  Pulp  & 
Paper  Co.  2490v 

Sawyer,  John  T.,  (Univ.  of  Wash.),  4604  Colby  Ave. 

2529as 
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'At  remember  These  **All  Time  Greats^'? 

0  There  are  hundreds  of  competitors  in  every  field  of  sport,  but 
only  a  few  ever  win  the  right  to  be  called  the  greatest  in  history. 
Those  are  the  ones  whose  repeat  championship  performances 
put  them  way  out  in  front  of  all  competition. 


JOHN  L  SULUVAN 


Since  1887  Standard  Dry  Kilns  have  helped  establish  new  high 
profit  records  in  every  conceivable  kind  of  woodworking 
plant.  Yes,  and  Standard  is  also  setting  another  kind  of  record 
lABE  RUTH  ...  a  record  number  of  repeat  orders  from  men  who  have 
learned  from  profitable  experience  that  they  can  depend  on 
Standard’s  scientifically  engineered  kilns  for  the  most  efficient 
and  economical  performance.  Remember  this  when  it’s  time 
for  you  to  install  a  new  kiln  or  remodel  an  old  one.  And  re¬ 
member,  too,  that  Standard’s  "CHAMP”  internal  fan  con- 
FRANK  HINKEY  perfect  automatic  control  of  heat,  humidity  and 

ventilation  is  your  assurance  of  uniform  quality  at  lower 
«  operating  cost. 

A  FEW  OF  STANDARD’S  HUNDREDS 
OF  REPEAT  CUSTOMERS: 

^ W.  F.  Whilnay  Company,  South  Ashburnhom,  Mottochutott*;  Crompton  & 
Knowlos  Loom  Works,  Worcostor,  Massachusetts;  Knabb  Barrel  Company, 
Marcus  Hook,  Pennsylvania;  The  Mengel  Co.,  Louisville,  Kentucky; 
S.  E.  Overton  Company,  South  Haven,  Michigan;  and  Vulcan  Corporation, 
Antigo,  Wisconsin. 


TORGER  TOKLE 


TOM  MORRIS 


FRANK  GOTCH 


Writu  tor  illustratmd 
Standard  Catalog . . 
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Hoquiam 

Daniels,  E.  W.,  Dir.  of  Sales,  Harbor  Plywood  Corp., 
Box  300  2356v 

Martin,  William,  Chemical  Eng.,  Harbor  Plywood 
Corporation  1851v 

tStinchfield,  T.  B.,  Secy-Treas.  Mgr.,  Posey  Mfg.  Co. 

695v 

Kelso 

tCollins,  E.  Hobart.  Physicist,  Devel.  Dept.,  Weyer¬ 
haeuser  Timber  Co.,  Route  3,  Box  39  281v 

Kitkland 

Miller,  Jess  A.,  5500 — 109th  Place,  N.E.  2263v 

Vaslev,  Ole  E.,  Student,  University  of  Washington, 
R.  2,  Box  137-B  1798as 

Lincoln 

Carman,  Harold  E.,  Asst.  Gen.  Mgr.,  Lincoln  Lumber 
Co.  2267V 


Longview 

fBarton,  E.  H.,  Public  Relations,  Weyerhaeuser  Tim¬ 
ber  Co.  213v 

Clark,  James  D’A.,  Research  and  Development  Engr., 
P.  O.  Box  996  2630v 

Dedrick,  Dallas  S.,  Chief,  Section  of  Applied  Physics, 
Dev.  Dept.,  Weyerhaeuser  Timber  Co.  2472v 

tDowd,  Donel  E..  1041  20th  Ave.  637v 

jEsterer,  Arnulf  K.,  Research  Chemist.,  Development 
Dept.,  Weyerhaeuser  Timber  Co..  2808  Louisiana  St. 

280v 

JiFahlstrom,  Carl,  Asst.  Rsident  Mgr.,  Longview  Fibre 
Co.  200v 

Fisken,  A.  M.,  Tech.,  Weyerhaeuser  Timber  Co.  2756v 
tHammond,  Richard  N.,  Weyerhaeuser  Timber  Co., 
Pulp  Div.  8v 

Heritage,  C.  C.,  Tech.  Dir.,  Weyerhaeuser  Timber  Co. 

I4l6s 

Holmes,  Paul  N.,  1314  Ocean  Beach  Hwy.  lOOOv 

The  Long-Bell  Lumber  Co.,  (T.  E.  Heppenstall,  Chf. 

Prod.  Eng.),  P.  O.  Box  1079  1540s 

tHeppenstall.  T.  E.,  Research  Dir.,  Long-Bell  Lumber 
Co.,  1604  Kessler  Blvd.  44v 

Lambert.  Robert  D.,  Engr.,  Weyerhaeuser  Timber  Co.. 

916  18th  Ave.  2489v 

tLodewick,  J.  Elton,  Development  Dept.-,  Weyerhaeuser 
Timber  Co.  134v 

fMottet,  Arthur  L.,  Research  Engr.,  Long-Bell  lir. 

Co.,  Rt.  fit.  Box  65  40v 

tPauley,  R.  D.,  Mgr.,  Development  Dept.,  Weyer¬ 
haeuser  Timber  Co.  476v 

RamsdeM.  Forrest  H..  1406 — 10th  Ave.  I429v 

Ring.  Walter  C.,  186  Huntington  Villa  1357v 

tVanBeckum.  W.  G..  Mgr.,  Technical  Service,  Weyer¬ 
haeuser  Timber  Co.  477v 

Weyerhaeuser  Timber  Co.,  (C.  C.  Heritage,  Technical 
Dir.)  I4l6s 

Wise,  Robert  J.,  1314  Ocean  Beach  Ave.  1437a 

Mead 

Bartleson,  F.  M.,  Mgr.,  Building  Supplies  Inc.  2276v 
Newport 

tDecker,  A.  D.,  %  Valentine  Clark  Co.  55)9v 

Olympia 

Reckers.  Cornelius,  Lab.  Tech.,  Washington  Veneer 
Co.,  Route  6,  Box  325  2544v 

Peshastin 

Sawyer,  E.  L.,  Pres.,  Peshastin  Lumber  &  Box  Co. 


1758V 

Port  Angeles 

Willison,  C.  H.,  Crown-Zellerbach  Corp.,  P.  O. 
Box  271  928v 

Port  Townsend 

Smith.  B.  C.,  Crown-Zellerbach  Corp.  2571v 

Raymond 

Fisher,  David  M.,  Gen.  Mgr.,  Weyerhaeuser  Timber 
Co.,  Wallapa  Branch  1344v 

Rock  port 

Levesque,  Joseph  R.,  Box  337  2628as 

Seahurst 

tDuncan.  Gordon  A.,  Asst.  Secy. -Asst.  Treas.,  Moore 
Dry  Kiln  Co.,  P.  O.  Box  873  340v 

Seattle 

American  Marietta  Co.  (Donald  V.  Redfern,  Technical 
Director),  3400  13th  Ave..  S.  W.  (4)  1553s 

Armbruster,  Fred  R..  Branch  Mgr..  The  Dow  Chemi¬ 
cal  Co..  1702  Textile  Tower  (l)  2431v 

tAttwell,  P.  Bob,  Manager,  Attwell  Construction  Co., 
711  4th  &  Cher.'y  Bldg.  805v 


tBenson,  H.  K.,  Dep’t.  of  Chem.  Engineering,  Uni¬ 
versity  of  Washington  (5)  28v 

Black,  Leo,  S.,  Pres.,  Seattle  Cedar  Lumber  Mfg.  Co., 
4703  Ballard  Ave.  (7)  1743v 

Brindley,  Ralph  S.,  Student,  University  of  Washing¬ 
ton,  315  8th  Ave.,  Apt.  70  (4)  2036as 

Brooks,  Chester  W.,  Indus.  Paint  Slsm.,  National 
Lead  Co..  114  Westlake  North  (9)  1501v 

Brosy,  Robert  L.,  Salesman,  Timber  Structures,  Ihc., 

P.  O.  Box  3385  (14)  2504a 

Bryant,  Ben  S.,  Instr.  Wood  Techno.,  College  of 
Forestry,  Univ.  of  Wash.  O)  2540v 

Carney,  Arthur  M.,  Exec.  Secy.,  Northwest  Furniture 
Mfrs.  Assn.,  1803  Northern  Life  Tower  (1)  1574s 

tCastie,  Carl  C.,  The  Dow  Chemical  Co.,  1702  Textile 
Tower  833v 

Chaudhuri,  P.  K.  B.  R.,  University  of  Washing¬ 
ton,  4551  I6th,  N.  E.  (5)  2109v 

Corlett,  James  B.,  Student,  University  of  Washington, 
5026  East  178th  St.  (55)  2048as 

Cricthfield,  Elmer  M.,  5710  15th  N.  E.  (5)  2411v 

DeMoisy,  Ralph,  Tech.  Dir.,  Institute  of  Forest  Prod¬ 
ucts,  303  Anderson  Hall,  University  of  Washington 
(5)  2637V 

Dreitzler,  R.  F.,  Manager,  West  Coast  Wood  Preserv¬ 
ing  Co.,  1118  4th  Ave.  I641v 

Duff,  Kenneth  W.,  Engr.,  Henry  Disston  &  Sons, 
Inc.,  P.  O.  Box  3045  (14)  2552v 

Dyson,  Donald  E.,  Forester,  Seaboard  Lumber  Co., 
3903  East  70th  (5)  1907 v 

England,  Rollo  F.,  Student,  4274  Union  Bay  Lane  (5) 

1397as 

JErickson,  Harvey  D.,  Assoc.  Prof,  of  Forest  Prods.. 
College  of  Forestry,  Univ.  of  Washington  258v 

Face,  Glenn  S.,  4125  Union  Bay  Lane  (5)  2080as 

Fisken,  Keith  G.,  Vice  Pres.,  Seattle  Cedar  Lumber 
Mfg.  Co.,  4703  Ballard  .Ave.  (7)  1742v 

Freeman,  Robert  B.,  5616  Roosevelt  Way  (5)  24l0as 
Fuller,  J.  Donald,  Pres.  &  Mgr.,  Elmer  &  Moody  Co.. 

3735  Thorndyke  Ave.  (99)  895v 

Gaiser,  William  J.,  Chief  Chemist.  Reichhold  Chemi¬ 
cals,  Inc.,  59C0  W.  Marginal  Way  2659v 

tGalber,  Harry,  Chemist,  Monsanto  Chem.  Co.  Western 
Div.,  911  Western  Ave.  (4)  800v 

Gtondal,  Bror  L.,  Prof,  of  Forestry,  College  of  Forestry, 
Univ.  of  Washington  6v 

Halme,  Glenn  J.,  Student,  (University  of  Washington). 

3734  Brooklyn  Ave.  (5)  2484as 

Hanley,  William  M.,  Student,  University  of  Washing¬ 
ton,  4152— ^2nd  N.E.  (5)  1777as 

Jefferson.  Herbert  F.,  Nettleton  Timber  Co.,  P.  O. 

Box  3305  (14)  1653v 

Kennedy,  Paul  T.,  Res.  Fellow,  Firland  Sanatorium 
(55)  .  1731as 

Koh,  Ming  Yu,  Student,  (University  of  Washington), 
4303  12th  Ave.,  N.  E.  (5)  24R3as 

Krystad,  Arild  J.,  Student,  (University  of  Washing¬ 
ton).  6201  9th  Ave..  N.W.  (7)  2482as 

Lauritsen,  Alfred  C.,  5213 — 12th  Avenue.  N.  E.  (5) 

2460as 

Lemut,  Jean  Roger,  (University  of  Washington),  5012 
22nd  Ave.  NE  2771as 

Long,  Wayne  P.,  Sales  Engr.,  Electric  Steel  Foundry 
Co.,  2724  1st  Ave.,  S.  (4)  2114a 

tMarckworth,  Gordon  D.,  Dean,  College  of  Forestry, 
Univ.  of  Wash.  llv 

Merriam,  Sherman  L.,  Jr.,  Timber  Structures,  Inc., 

5035  1st  Ave.,  South  1217v 

tMoffltt.  Wm.  R..  Chief  Chem.,  West  Div.,  The  Bor¬ 
den  Co.,  Chemical  Div..  610  Airport  Way  (8)  343v 

Nicholson.  Fred,  Chief  Engineer.  Stetson-Ross  Ma¬ 
chine  Co.,  3200  1st  Ave.,  So.  (4)  1552a 

Nissen,  Donn  Edward,  (University  of  Washington). 

6015  24th.  N.  W.  (7)  25l5as 

Northwest  Furniture  Mfrs.  Assn.,  (Arthur  M.  Carney. 

Exec.  Sec.)  1803  Northern  Life  Tower  (1)  1574s 

tNorton,  Arthur  J.,  Consulting  Chemist,  2919  First 
Ave.  So.  (4)  ,  832v 

Orth,  G.  Otto,  Jr.,  Research  Chemist,  A.  J.  Norton. 

9721— 8th  N.  E.  (5)  2721V 

Peterson,  Milo  A.,  (University  of  Washington),  4217 
Union  Biv  Pla'-e  (5)  1931a 

Pettersen,  Richard  W.,  Student.  University  of  Wash¬ 
ington,  1800  E.  47th  St.  (5)  1799as 

Philbrick  Warren  W..  Owner  &  Mgr.,  Northern 
Fiber  Co.  2806 — 34th  South  (44)  356v 

Pritchard.  Wilmot  T..  Pres..  Stetson-Ross  Machine 

Co.,  3200  1st  Ave.  S.  2767s 

Redfern,  Donald  V.,  Tech.  Dir.,  American  Marietta 
Co.,  3400— 13th  (4)  1553s 

Ries,  C.  D.,  General  Electric  Co.,  710  Second  Ave. 
(Ill  2195a 
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HI-DEN  is  made  from  selected 
woods,  impregnated,  laminated  and 
compressed.  It  is  tough,  dense,  mois¬ 
ture  resistant,  dimensionally  stable 
and  has  a  low  co-efficient  of  fric¬ 
tion.  Widely  used  in  forming  tools, 
jigs,  textile  machinery  parts, 
knife  handles. 


PARKWOOD  GENUWOOD 

GENUW(X)D  is  a  beautiful  decora¬ 
tive  laminate  made  from  a  variety 
of  genuine  wood  veneers.  It  has  a 
100%  melamine  finish.  Scratch  and 
acid  resistant.  Cigarette  proof.  Re¬ 
tains  all  the  natural  lustre  of  the 
original  veneers. 


PARKWOOD  DECORATIVE 

A  beautiful  laminated  plastic  with  a  wide  range  of  colors,  exclusive  patterns 
and  high  quality  imitation  woods.  Manufactured  in  1/16"  thickness  for  tops 
and  in  5/32"  hardboard  (Parkwall)  for  walls,  wainscoting,  etc. 


PARKWOOD  CORPORATION 

■  2  6  Water  Street.  Wakefield,  Massachusetts 


HAMMOND  LUMBER  COMPANY 

417  MONTGOMERY  STREET  SAN  FRANCISCO,  CALIFORNIA 


MANUFACTURERS  and  DISTRIBUTORS 
of 

CALIFORNIA  REDWOOD 

Mills:  SAMOA  and  EUREKA,  CALIFORNIA 


36  Distributing  Yards  in  Caliiomia 

EASTERN  SALES  OFnCE: 

SOUTHERN  CALIFORNIA  OFnCE: 

Hammond  Lumber  Co.,  Inc. 

Hammond  Lumber  Company 

35  East  Wacker  Driy* 

2010  South  Alameda  Street 

Chicago,  Illinois 

Los  Angeles,  California 
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tRogers,  William  H.,  Chemist,  West  Coast  Wood 
Preserving  Co.,  27th  S.  W.  &  West  Florida  St.  (6) 

667v 

tSchrader,  O.  Harry,  Jr.,  Assoc.  Prof,  of  Forest  Prods., 
College  of  Forestry,  U.  of  Wash.  98v 

Skvtta,  Ernest  M.,  Dist.  Sis.  Mgr.,  Reichhold  Chemi¬ 
cals,  Inc.,  Box  3363—5900  W.  Marginal  Way  (14) 

2492y 

Stephan,  John,  Director  of  Research,  Monsanto  Chemi¬ 
cal  Co.,  Western  Div.,  911  Western  Avenue  (4) 

2720V 

Smith,  Sterling  S.,  Sales  Manager,,  Smithway  Ma¬ 
chine  Co.,  Inc.,  4617  Airport  Way  (8) 

Stetson-Ross  Machinery  Co.,  (f.  A.  Nicholson,  Cmet 
Engineer)  1662s 

tSteveiis,  W.  O.,  Consulting  Engr.,  W.  O.  Stevens  & 
Co.,  100  Textile  Tower  (1)  474v 

tStone,  Clarence  D.,  Wood  Technologist,  Elliot  Bay 
Lbr.  Co.,  600  W.  Spokane  St.  (4)  118v 

Stover,  M.  M.,  Assistant  Western  Mgr.,  The  Borden 
Co.,  Chemical  Div.,  6010  Airport  Way  (8)  1545y 

Thomas,  David  P.,  Asst.  Prof.  Forest  Products,  Uni¬ 
versity  of  Washington,  College  of  Forestry  (5) 

4l7v 

Warne  Neale,  Woodworking  Machinery  Mgr.,  Star 
Machinery  Co.,  1741  First  Ave.,  South  (4)  2262v 

Wedell  David  S.,  Dev.,  Dir.,  Monsanto  Chemical  Co.. 
Western  Div.,  911  Western  Ave.  (4)  1927v 

tWinlund,  Ed.  S.,  Westinghouse  Electric  Corp.,  3451 
E.  Marginal  Way  867v 

Zeller,  John  H.,  Dir.  of  Res.,  Reichhold  Chemical. 

Inc.,  Box  3363  (14)  .  2493y 

Zenczak,  Piotr,  Student,  Univ.  of  Washington,  1121 
Sixteenth  Ave.  I463as 

Shelton 

Adams,  Umes  Campbell,  Jr.,  Simpson  Logging  Com¬ 
pany,  Pine  Street 

Drake,  George  L.,  Simpson  Logging  Co.  1465s 

tMurray,  Charles  E.,  222  Pine  St.  724v 

Simpson  Logging  Co.,  (George  L.  Drake)  1465s 

Walton,  A.  T.,  Simpson  Logging  Co.,  Research  Lab¬ 
oratory  1797v 

Spokane  „  . 

Jones.  Robert  E.,  Mgr.,  Pres.,  Lumber  By-Products  Co. 

1968v 

fRobinson,  Alexander  J.,  Great  Northern  Railway  (14) 

78''v 

Western  Pine  Mfg.  Co.,  Ltd.,  (Grant  Dixon,  Pres.), 
E.  315  Jackson  Ave.  1383s 

Stevenson 

Aalvik,  Albert,  Owner,  Albert  Aalvik  Logging  Co. 

2373V 

Walters,  D.  W.,  Managing  Engineer,  Inland  Empire 
Industrial  Research,  417  Peyton  Bldg.  1889v 


Sumner 

fVaughan,  Robert  W., 
Products  Inc. 


Chem.  Engr.,  Fibre  Board 
831v 


Tacoma 

Abel,  lohn  S.,  Chief  Engr.,  Weyerhaeuser  Timber  Co., 
P.  O.  Box  1645  2763V 

JBowman,  Don  B.,  Sales  Mgr.,  Cascade  Pole  Co., 
P.  O.  Box  743  lllv 

Cole,  Leon  R..  Dir.  of  Research  &  Finish,  F.  S.  Har¬ 
mon  Mfg.  Co.  277^v 


Cooper,  Kirk,  R.,  Northwest  Door  Co.,  1203  East  D 
St.  (2)  1217V 

Countryman,  David,  Douglas  Fir  Plywood  Assoc., 
Tacoma  B.dg.  1046v 

Croston,  Edward  L.,  American  Mfg.  Co.,  2119  Pacific 
^  Ave.  (2)  991a 

Dahiquist,  Robert  A.,  Salesman.  American  Mfg.  Co., 
2119  Pacific  Ave.  (2)  950a 

Douglas  Fir  Plywood  Association,  (N.  S.  Perkins, 
Technical  Dir.),  301  Tacoma  Building  (2)  1151s 

JEatonville  Lumber  Co.,  (G.  E.  Karlen,  General  Man¬ 
ager),  711  Tacoma  Bldg.  (2)  75s 

Evans.  H.  R.,  Exec.  Dir.,  Plywood  Research  Founda¬ 
tion,  620  E.  26th  St.  2777v 

tFleming,  Thomas.  Jr.,  Research  Engr.,  The  Wheeler, 
Osgood  Co.,  1216  St.  Paul  Ave.  (1)  I48v 

Gepford,  T.  M.,  President,  American  Mfg.  Co.,  Inc., 
2119  Pacific  Ave.  (2)  1325v 

Gruhl,  Arthur  E.,  Inspector,  Lab.  Tech.,  Fir  Door 
Institute,  1205  Rust  Building  (2)  1594v 

tHeritage,  Clark  C.,  Dir.  of  Development,  Weyer¬ 
haeuser  Tiniber  Co.,  Box  1645  525v 

flngoldshy,  Brian  J.,  Mgr.,  Engrng.  Sales  Div.,  Weyer¬ 
haeuser  Sales  Co.,  Redondo  Star  Route  326v 

James,  Morton  S.,  937  Sduth  Grant  (6)  2029as 

Johanson,  A.  G.,  Wypenn  Oil  Co.,  2W2  Taylor  Way 
(2)  2797V 

Johnson,  Gladys  E.,  Head  Order  Librarian,  Tacoma 
Public  Library  (3)  1443a 

Karlen,  G.  E.,  Gen.  Mgr.,  Eatonville  Lumber  Co.,  711 
Tacoma  Bldg.  75s 

Melrose.  Roger  M..  701  Vz  North  10th  (3)  1265as 

Mertz,  Henry  L.,  Genl.  Supt.,  Buffelen  Lum.  &  Mfg. 

Co.,  P.  O.  Box  1595  955v 

tMonahan.  Vic.  C.,  Pres.,  Cascade  Pole  Co.,  P.  O. 

Box  743  llOv 

Page,  W.  D.,  Wood  Tech.,  Douglas  Fir  Plywood 

Assn.,  Tacoma  Bldg.  1738v 

fPerkins.  Nelson  S.,  Tech.  Director,  Douglas  Fir  Ply¬ 
wood  Assoc.,  Tacoma  Bldg.  745v 

Ripley,  Robert  H.,  Quality  Control  Testor,  Douglas 
Fir  Plywood  Assn..  4832  North  8th  2645v 

tRitchie,  John  D.,  Chief.  Testing  Lab.,  Douglas  Fir 
Plywood  Assoc.,  301  Tacoma  Bldg.  837v 

tRobertson,  Neil  F..  Mill  Mgr..  West  Tacoma  News¬ 
print  Co.,  6360  School  St.  (9)  606v 

Russell.  George  F.,  Pres..  Northwest  Syndicate,  Inc.. 

711  St.  Helens  Ave.  (1)  15l4v 

tRyan,  Walter  J.,  901  Rust  Bldg.  (2)  529v 

Smith,  Robert  L.,  Draftsman,  405  6th  Ave.  2155v 

Tenzler,  H.  E.,  Northwest  Door  Co.,  1203  East  D 
St.  (2)  2700v 

tWagner,  Corydon,  V.  P..  St.  Paul  &  Tacoma  Lbr.  Co.. 

1220  St.  Paul  Ave.  (2)  2l4v 

tWegner,  Henry  W..  Mechanical  Supt.,  St.  Paul  & 
Tacoma  Lumber  Co.,  1220  St.  Paul  Ave.  (2)  666v 

Vancouver 

Dant,  Robert  E.,  Managing  Partner,  Dant  &  Russell, 
Ltd.,  1010  Wa.shington  — P.O.  Box  651  16},)v 

Dotter,  Henry  A.,  Jr.,  Quality  Control  Eng.,  Van¬ 
couver  Plywood  &  Veneer  Co.  I487v 

Lotter,  Henry  A.,  Jr.,  Vancouver  Plywood  &  Veneei 
.  Co.  I487v 

Power.  J.  B..  General  Manager,  Vancouver  Plywood 
&  Veneer  Co.,  P.  O.  Box  720  1923v 

Weiutchee 

Phipps,  D.  H.,  Mill  Mgr.,  Northwest  Wholesale,  Inc., 
P.  O.  Box  849  1118V 


SOUTHWEST  REGION 


ARIZONA 

Pinedale 

Prichard,  Leonard  A.,  Forester,  USFS,  Sitgreaves  N.F. 

1984v 

McNary 

Allen,  Theo.  R.,  Jr.,  Apache  Hotel  2508as 

Winslow 

Nagel,  George  H.,  Owner,  Nagel  Lumber  &  Timber 
Co.  1839a 

CALIFORNIA 

Alhambra 

Barnes.  John  R.,  Exec.  V.  P.,  Moisture  Register  Co., 

133  N.  Garfield  Ave.  2305v 

McBrayer,  M.  L..  Chief  Engr.,  Moisture  Register  Co., 

133  N.  Garfield  Ave.  993v 
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Anderson 

Hood,  A.  B.,  General  Mgr.,  Ralph  L.  Smith  Lumber 


Co.  1905v 

Anaheim 

Browning,  H.  A.,  Owner  H.  A.  Browning  Lbr.  Co., 
209  S.  Manchester  450v 

Arcadia 

Alley,  R.  H.,  925  Foothill  Blvd.  I6l8v 

Areata 

Austin,  Warren  F.,  California  Barrel  Co.,  Ltd.,  P.  O. 

Box  587  2156v 

Krohn,  J.  J.,  Mgr.,  California  Barrel  Co.,  Lid.  I446v 
Berkeley 

Anderson,  Arthur  B.,  University  of  California  School 
of  Forestry,  Forestry  Bldg.  (4)  239v 

tCockrell.  Robert  A.,  Assoc.  Prof,  of  Forestry,  Univ. 
of  Calif.,  School  of  Forestry  17v 


To  help  industry  with  quality  control  in  gluing,  5-day  courses  are  held  periodically. 


Non-destructive  testing  methods  employing  electric  sonar  equipment  is  one  of 
our  developments  which  can  be  applied  to  many  wood  products. 


Other  quality  control  procedures  on  whidi  we  can  advise  your  organization 
include: 


Moisture  absorption  control  Chemical  resistance  tests 

Mechanical  testing  Wood  finish  tests 

Chemical  testing  Door  testing 

Accelerated  aging  and  exposure 

Without  obligation  write  C  A.  Rishell,  Director  of  Research, 
Timber  Engineering  Company,  Washington  6,  D.  C. 


lOREST  raOOOCR 

keseakch  guide 


JSth  Edition  Forest  Products 
Research  Guide  —  covers 
13,400  projects  or  programs 
of  2,680  organizations.  Order 

- - from 

National  Lumber  Manufacturers 
Assodation,  Washington  6,  D.  C.  Price  l  $10.00 


Hundreds  of  technical  men  have  ordered  the  handy 
Teco  Wood  Study  Kit — 54  specimens,  84-page  manual, 
lOX  hand  lens  and  knife  neatly  packaged  for  office 
or  home  use.  Order  from  Timber  Engineering  Company, 
Washington  6,  D.  C.  Price  $8.50  delivered  in  conti¬ 
nental  U.  S.  Foreign  shipments  $8.50  f.o.b.,  Wash¬ 
ington,  D.  C. 


.an 
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fEricksen,  Leyden  N.,  For.  Prod.  Technol.,  Calif. 

Forest  Exp.  Station,  34  Ardmore  Road  (7)  653v 

fFritz,  Emanuel  Assoc.  Prof,  of  Forestry,  School  of 
Forestry,  Univ.  of  Calif.  (4)  51v 

Gordon,  Aaron,  Chemist,  41  Hill  Road  922v 

Stroupe,  Hugh  I.,  1113  Harrison  St.  (6)  2306as 

Wolf  Crock  Timber  Co.,  Inc.,  R.  R.  Chaffee,  V.  P. 
&  Gen.  Mgr.,  1208  American  Trust  Bldg.  (4) 

1293s 

tWvckoff,  Stephen  N.,  Dir.,  Calif.  Forest  &  Range 
Expt.  Station,  P.  O.  Box  245  (1)  517v 

Burbank 

tCunningham,  Jack,  B.,  Pres.,  Woodwelding,  Inc., 
3000  W.  Olive  Ave.  I43v 

Woodwelding,  Inc.,  Jack  B.  Cunningham,  3000  W.- 
Olive  Ave.  1040s 

Burney,  Shasu  County 

Berry,  Raymond,  Scott  Lumber  Co.,  Inc.  1450s 

Scott  Lumber  Co.,  Inc.,  (Raymond  Berry,  V.P.  & 
Gen.  Mgr.)  1450s 

Qiestet 

O'Brien,  Alfred  J.,  %  General  Delivery  1949as 

Cloverdale 

Livermore,  Norman  B.,  Jr.,  Cloverdale  Kiln  Co.  1534v 
Coming 

Crane,  H.  R.,  Crane  Mills  1166s 

Crane  Mills,  H.  R.  Crane,  Pres.,  P.  O.  Box  536  1167s 
Diamond  Springs 

Hall,  Loren,  Sales  Mgr.,  Caldor  Lumber  Co.,  Box  439 

1989V 

Dinuba 

Ivory,  E.  P.,  Ivory  Pine  Co.  1223s 

Ivory  Pine  Co.  ot  California,  (E.  P.  Ivory,  Pres.), 
Box  116  1223s 

Dunsmuir 

Rygel,  Dan,  Pres.  &  Gen.  Mgr.,  Dunsmuir  Lumber 

Co.  1830V 

Eureka 

Alexander,  John,  Sequoia  Products  Co.,  Box  91  1092v 
Harding,  H.  H.,  Orick  Lumber  Co..  350  E.  St.  1952v 
Pratt,  Willard  E.,  1802  Harrison  Ave.  4l5v 

Fortuna 

Allen,  George,  Logging  Mgr.,  Holmes  Eureka  Lumber 
Co.,  Box  278  1970V 

Fontana 

Soderstrom,  Duayne,  279  N.  Pepper  262  las 

Fresno 

Reardon,  Alfred  R.,  Owner,  Reardon  Lumber  Co., 
Rt.  13.  Box  312  2057V 

Hermosa  Beach 

Joijensen,  Lloyd  A.,  Sales  Rep.,  Stetson-Ross  Machine 
Co.,  612  Longfellow  Drive  1735v 

Jackson 

Donilovich,  Win.,  Kiln  Foreman,  Winton  Lumber  Co., 
Box  864  •  1975V 

Loomis 

Jacobson,  Bernard,  Mgr.,  Grass  Valley  Lumber  Co., 
Box  395  2017V 

Los  Angeles 

tAnderson,  Olaf,  Foreman,  Exp.  Dept.,  Weber  Show¬ 
case  &  Fixture  Co.,  5700  Avalon  Blvd.  (54)  456v 

Barnes,  S.  B.,  Structural  Engr.,  803  W.  3rd  St.  (13) 

2395V 

tBenioff,  Ben,  Engr.,  Summerbell  Roof  Structures,  825 
East  29th  St.  (11)  6l8v 

Combs,  Theo.  C.,  President,  Arch  Rib  Truss  Corp., 
4819  Exposition  Blfvd.  630v 

Connolly,  Frank  J..  President,  Western  Hardwood 
Lumber  Co.,  P.  O.  Box  5008  (55)  I626v 

fFehrenbach,  Gustav  J.,  Chief  Engr.,  Weber  Showcase 
&  Fixture  Co..  Inc.,  5700  Avalon  Blvd.  (54)  609v 

Feldman.  Edward  S.,  Exec.  Sec.  Furniture  Mfrs.  Assn. 

of  So.  Calif..  2155  E.  Seventh  Street  (7)  2732v 

Ferguson,  A.  E.,  Western  Sales  Mgr.,  American  Lbr. 

&  Treating  Co.,  1118  Wilshire  Blvd.  (17)  41v 

Friedman,  Ernest  J.,  Vice  President,  Standard  Cabinet 
Works.  Inc.,  1822  E.  Washington  Blvd.  (12)  2646v 
Gould,  Marc  I.,  Chief  Draftsman,  Industrial  Mfgs., 
Ltd.,  5401  S.  Boyle  Ave.  (58)  2825v 

fHamilton,  Orrie  W.,  Exe.  Vice  Pres.,  So.  Calif.  Retail 
Lbr.  Assn.,  Ill  W.  7th  St..  Rm.  1018-20  (14)  62v 

H.tmmond  Lumber  Co.,  (James  Smith),  Box  2138, 
Terminal  Annex  (54)  1179s 

tHoyt,  Warren  E.,  Dist.  Sales  Mgr.,  American  Lumber 
&  Treating  Co.,  1118  Wilshire  Blvd.  (17)  329v 


Johnson,  Percy  A.,  Gen.  Mgr.,  O.  K.  Union  Co., 
2300  E.  38th  St.  (11)  -  2160V 

Jones,  Harold  W.,  Engr.,  Frank  E.  Jones  Machinery 
Corp.,  1403  Santa  Fe  Ave.  (21)  2255v 

Knapp,  Chas.  H.,  Mill  Superintendent,  Weber  Show- 
Case  &  Fixture  Co.,  5700  Avalon  Blvd.  (54)  2579v 

tKoehler,  Arthur,  2308  Eleventh  Ave.  (16)  109v 

Mackintosh,  Charles,  Structural  Engineer,  Mackintosh 
&  Mackintosh,  306  North  Vermont  Avenue  (4) 

2736v 

Miller,  Lloyd  P.,  Southwest  Sash  and  Door  Co.,  6820 
Victoria  Ave.  (43)  1746v 

Librarian,  Univ.  of  So.  California  (7)  1817a 

tPedersen,  Axel  V.,  Pres.,  Economy  Farm  Structures, 
3631  W.  Vernon  Ave.  (43)  79v 

Roberts,  Melvin  R.,  Cal-Wood  Mfg.  Co.,  1541  W. 

132nd  St.  (44)  948v 

Roth,  Louis,  Charles  Roth  Furniture  Mfg.  Co.,  6527 
McKinley  Ave.  (1)  28l4v 

Smith,  James,  Hammond  Lumber  Co.,  Box  2138,  Ter¬ 
minal  Annex  (54)  1179s 

fStanton,  LeRoy,  Jr.,  Exec.  V.  P.,  E.  J.  Stanton  & 
Son,  Inc.,  Box  3816,  Terminal  Annex  (54)  265v 

fSteinhaus,  Max,  Diplom-Eng.,  Kistner,  Curtis  & 
Wright,  2884  Sunset  Place  (5)  635v 

Summerbell  Roof  Structures,  (E.  D.  Seaver,  VP  & 
Chief  Eng.),  825  East  29th  St.  (11)  1435s 

Terry,  Edward  H.,  Conducotr  of  Research  on  Light- 
Weight  Laminates,  6018  Alviso  Ave.  (43)  171 3v 

Trott,  Harold  W.,  Administrative  Assistant,  (Uni¬ 

versity  of  Southern  Calif.),  5637  W.  83rd  Street 
(45)  2735V 

tUpham,  Gilbert  B.,  Prod.  Mgr.,  Summerbell  Roof 
Structures.  825  E.  29th  St.  (11)  664v 

tVon  Breton,  Hamilton,  Tropical  &  Western  Lbr.  Co., 
4334  Exchange  Ave.  (58)  432v 

tWeber,  Jack  S.,  Salesman,  American  Lbr.  &  Treating 
Co.,  1118  Wilhsire  Blvd.  (17)  271v 

fWillis,  Willard  P.,  Jr.,  Chem.  Engr.,  Monsanto 
Chemic’'  Co..  714  W.  Olympic  Blvd.  (15)  181v 

tWilson,  Win  E.,  Wilson  &  Wilson  Consulitng  Struc¬ 
tural  Engineers.  2008  W.  7th  St.  (5)  24lv 

Yankauskas.  Paul  C.,  Pico  Machinery  Corp.,  3011  E. 
Pico  Boulevard  (23)  1587v 

Lynwood 

Sommer,  Anton  J.,  Perkins  Glue  Co.,  P.  O.  Box  I4l 

1049v 

Manell 

Anderson,  Clifford  E.,  Winton  Lumber  Co.  1976v 
McCloud 

Hennessy,  J.  P..  VP  &  Gen.  Mgr.,  The  McCloud 
River  Lumber  Co.  1755v 

Menlo  Park 

Cleese,  John  I.,  Partner,  George  F.  Cleese  Lumber  & 
Millwork,  820  El  Camino  Real  2035v 

Monrovia 

MacDonald,  H.  G.,  Owner,  Laminated  Hardwood 

Flooring,  134  Railroad  Ave.  1352v 

North  Sacramento 

Long,  A.  J.,  Chem.  Engr.,  L.  J.  Carr  Co.,  704  W. 
El  Camino  Ave.  2117v 

Oakland 

fBenzon,  Frank  B.,  Gen.  Mgr.,  Timber  Structures  of 
Calif.,  Fruitvale  Station,  P.  O.  Box  25  (7)  351v 

Fletcher,  A.  G.,  V.  P.,  Springfield  Cedar  Co.,  6235 
Tevis  St.  2747v 

tKinney,  W.  A.,  Western  Dry  Kiln  Co.,  8221  San 
Leandro  St.  (3)  563v 

Roth,  Victor  S.,  Triangle  Lumber  Company,  600  Six¬ 
teenth  Street  (12)  2734v 

Rowney,  James  C.,  Rowney  &  Toedt.  600 — I6th  St. 

(12)  2605V 

E.  K.  Wood  Lumber  Co.,  (John  B.  Wood,  V.  P.). 

P.  O.  Box  1618  1315s 

Wood,  John  B.,  E.  K.  Wood  Lumber  Co.  1315s 

Oroville 

fRoper,  Donald  R.,  Gen.  Mgr.,  Natl.  Wood  Treating 
Corp.,  P.  O.  Box  351  452v 

Pasadena 

Grout,  Gardner  K..  Director,  Booth-Kelly  Lumber  Co.. 
1041  E.  Green  (1)  1444a 

Palm  Springs 

Lubach,  Arnold  E.,  3811  Camino  San  Miguel  652v 
Pittsburg 

Brown,  E.  W.,  Lbr.  Sales,  Redwood  Mfgrs.  Co.,  Rt. 
1,  Box  417  2753V 

tHirschkind,  Dr.  G.  W.,  Director  of  Research,  Dow 
Chemical  Co.  (Gr  West  Div.),  Box  351  792v 
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SAMUEL  a.  SHIMER&  SONS.  live. 

MILTON  Manufacturers  of  PENNA. 

I  he  Shimer  Cutter  Heads 


MARIETTA  PAINT 
&  COLOR  CO. 


'GOODS^ 

-woobs”^ 


USE  SHIMER  CUTTER  HEADS,  CUTTERS  and  KNIVES 


for  your  cutting  problems. 

There  are  Cutter  Heads  for — 
Flooring 
Ceiling 
Siding 
Shiplap 
Door,  Sash 
Cope  and  Mouldings 
to  fit  any  machine. 

One  Way  and  Reversible  Cutters 
Milled  -  to  -  Pattern  Knives 
Write  for  the  No.  51  Catalog. 


Hiun  PUINI 


NORTH  CAROLINA 


[.WOOD  LUMBER  CO 

GENERAL  OFFICES 

P.  O.  Box  1618,  OAKLAND,  CALIFORNIA 

SALES  OFFICES 

4710  S.  ALAMEDA  ST.- LOS  ANGELES 
777  KENNEDY  ST.- OAKLAND 
827  TERMINAL  SALES  BLDG.  -  PORTUND 
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Pondosa 

Madson,  Glenwood  L.,  Cheney-Grant  Lumber  Co. 

1934a 


Quincy 

Moser,  Marcel,  Dry  Kiln  Supt.,  Meadow  Valley  Lum 
ber  Co.,  R.  1  1969v 

Redding 

Price,  W.  H.,  Mgr.,  Shasta  Forests  Co.,  P.  O.  Box  898 

2655V 


Richmond 

tSmith,  Harvey  H.,  1816  San  Benito  858v 

Rockpon 

Moores,  W.  M.,  V.  P.,  Treas.,  Hollow  Tree  Lumbei 
Co.,  Box  558  1951V 

Sacramento 

L.  J.  Carr  &  Co.,  L.  J.  Carr,  Gen.  Mgr.,  P.  O.  Box 
1282,  65th  &  R  Sts.  1171s 

Hillgrove,  James  R.,  Jr.,  Owner,  Union  Planting  Mill, 
6661  Eastern  Ave. — P.  O.  Box  1205  1885v 

Hughes,  Fred,  Owner,  Research  Engineer,  Fred  Hughs 
Laboratories  1760v 

Samoa  . 

Birmingham,  E.  B.,  Vice  Pres.,  Hammond  Lumber  Co. 

2342V 


San  Anselmo 

Weber,  Wallace  W.,  55  Austin 


91v 


San  Francisco 

Bird,  Myron,  Manager,  California  Saw  Works.  721 
Brannan  Street  (3)  2087v 

California  Redwood  Assn.,  (B.  C.  Manson),  405 
Montgomery  St.  (4)  1482s 

Cardinal,  Benjamin  T.,  Salesman,  United  States  Ply¬ 
wood  Corp.,  6th  &  Channel  Sts.  1273v 

Eastling,  Harvey  V.,  V.  P.,  Link-Belt  Co. — Pacific 
Oiv.,  400  Paul  Ave.  (24)  2044a 

Evju,  Robert  T.,  Evju  Products  Co.,  465  Calif.  St.  (4) 

1038v 

Fies,  John,  Western  Technical,  National  Lumber 
Mfgrs.  Assn.,  681  Market  Street  (5)  27l6v 

Gentes,  F.  H.,  Dow  Chemical  Co.,  310  Sansome  St. 

(4)  2805V 

Gilbreath,  R.  I.,  Gilbreath  Chemical  Company,  383 
Brannan  Street  (7)  2722v 

Holter,  Edwin  O.,  Jr.,  Pres.,  Sage  Land  &  Lumber  Co., 
620  Market  St.  (4)  1098a 

tHorner,  Arthur  C.,  Timber  Enrng.  Co.  of  Calif.,  4314 
California  St.  (18)  402v 

tKline,  Mason  £.,  625  Market  St.  380v 

Kreienbaum,  C.  H.,  Vice  Chairman,  Simpson  Logging 
Co..  25  Beale  St.  (6)  2284v 

Manson,  B.  C.,  California  Redwood  Assn.,  405  Mont¬ 
gomery  (4)  1482s 

McLeod,  G.  B.,  Hammond  Lumber  Co.,  417  Mont 
gomery  St.  1039v 

Miller,  Earl  L.,  Pres.,  Meadow  Valley  Lumber  Co., 
155  Montgomery  St.  (4)  1633v 

Morris,  Wm.  R.,  Union  Lumber  Co.,  620  Market  St. 
„  (4)  1053V 

Schofield,  W.  R.,  Sec. -Mgr.,  Calif.  Forest  Protective 
Assn.,  681  Market  St.  1734v 

Snell,  C.  Harry,  Western  Manager,  Chem.  Div.. 
Celanese  Corp  of  America,  607  Market  Street  (5) 

.  2717V 

Shreck,  Ray  E.,  Director  Res.  and  Dev.,  Union  Lumber 
Co.,  620  Market  St.,  Room  1010  (4)  1736v 

Terch,  Lawrence  P.,  Asst,  to  Consult.  Engr.,  Califor¬ 
nia  Redwood  Assn.,  405  Montgomery  St.  (4)  2548v 

tThompson,  C.  L.,  Dir.  of  Research,  The  Pacific  Lum¬ 
ber  Co.,  100  Bush  St.  (4)  852v 

Toole,  Allen  D.,  2808  Laguna  St.  (23)  2426v 

Santa  Qara 

Brink,  Charles  M.,  V.  P.,  Pacific  Mfg.  Co.,  2610  The 
Alameda  2078a 


Santa  Monica 

tBarnes,  Dean  M.,  Chief  Eng.,  Assoc.  Tel.  Co.,  Dd., 
1314  7th  St.  453a 

Lembach,  Adolph  D..  427  11th  St.  884v 


Sonora 

Bentley,  Deb  E.,  Jupiter  Lumber  Co.,  Box  561  2388v 

Smith  Gate 

Pfenning,  Henry  D.,  8457  A  Chestnut  Ave.  2058v 
Stanford 

Rand,  William  E.,  Assistant  Director,  Stanford  Re¬ 
search  Institute  1661a 


Stockton 

Berolzheimer,  Charles  P.,  Pres.,  California  Cedar 
Products  Co.,  Box  528  l458v 

California  Cedar  Products  Co.,  Robert  E.  Partch,  V.  P. 

—Treas.,  P.  O.  Box  528  1292s 

Hagen,  Owen,  Research  Dept.,  Calif.,  Cedar  Products 
Co.,  Box  528  l460v 

Parrish,  H.  C.,  Vice  President,  Gulf  Red  Cedar  Co., 
Inc.,  Box  308  2728a 

Partch,  Robert  E.,  V.P.-Treas.,  California  Cedar  Prod¬ 
ucts,  P.  O.  Box  528  1292s 

Rammer,  H.  L.,  Consultant  Chemist,  California  Cedar 
Products  Co.,  Box  528  l459v 

Wilcox,  William  H.,  Consultant  Engineer,  California 
Cedar  Products  Co.,  Box  528  l457v 

Tulelake 

Smith,  Richard  M.,  R.  1,  Box  68  2435v 

Upland 

McCully,  William  I.,  Owner,  McCully  Woodworking 
Shop,  1346  East  Ninth  St.  1491  v 

Van  Nuys 

Nelson,  Kenneth  E.,  Salesman,  American  Lumber  & 
Treating  Co.,  5245  Lennox  1207v 

Walnut  Creek 

Burton  R.  Edward,  (Univ.  of  Calif.)  Route  3  Keats 
Circle  2558as 

Larsen,  Verne  O.,  730  Palmer  Road  1852v 

Weed 

White,  J.  M.,  Jr.,  Asst.  Genl.  Mgr.,  The  Long  Bell 
Lumber  Co.,  Weed  Division  1658a 

Woodleaf 

Alsaker,  S.,  Res.  Mgr.,  Sacramento  Box  and  Lumber 
Co.  2392V 

Yuba  City 

Kuhn,  Robert  M.,  Dover  Lumber  Co.,  66  Morton  St. 

1076v 

COLORADO 

Denver 

Brinker,  Morrison  W.,  Student,  Univ.  of  Colorado, 
2849  Vrain  St.  (12)  l471as 

Schomburg,  T.  W.,  Producer  and  Wholesaler,  1856 
Colorado  Blvd.  (7)  1858v 

Durango 

Connors.  George  L..  Pres.,  Ponderosa  Wood  Products 
Co.,  P.  O.  Box  1389  2329V 

Eaton 

Tidball,  Ronald  R.,  Colorado  A  &  M.  27  Park  Ave. 

2808as 

Ft.  Collins 

Hodgson,  James  G.,  Director  of  Libraries,  (Colorado 
A  &  M  College)  2726a 

Putman,  Richard  J.  P.,  (Colorado  A  &  M),  610  S. 

Grant  Ave.  25l4as 

Ransford,  Phillip  L.,  (Colorado  A  &  M  College), 
70S  Remington  •  2317as 

Slater,  James  P.,  Jr..  332  Edwards  2439as 

Troxell,  Harry  E..  Jr.,  Instr.  in  Forest  Management, 
Colo.  A  &  M  College,  Division  of  Forestry  l622v 
Mt.  Harris 

Haske,  C.  Alan,  (Colorado  A  &  M)  2517as 

NEVADA 
Las  Ve^s 

Goldring,  Ira,  President,  Builders  Mill  &  Supply  Co.. 
1622  South  A.  Street  1637v 

Reno 

Vaughn,  Harris  E.,  Vaughn  Millwork  Co.  2780s 
Vaughn  Millwork  Co.,  (Harris  E.  Vaughn,  Prod. 
Supt.),  P.  O.  Box  679  2785s 

NEW  MEXICO 
Albuquerque 

Gallagher,  Thos.  P.,  New  Mexico  Timber  Co.,  P.  O. 
Box  63  868v 


UTAH 

Kamas 

Blazzard,  J.  H.,  Mgr.,  Blazzard  Lumber  Co.,  Box  138 

2001V 


Lomui 

fBowen,  Calvin  M.,  203  W.  Center  549v 

Conlin,  Robert  A.,  45  East  Fifth  N.  2725as 

HAWAII 

Honolulu 

Fraser  M.,  Hawaiian  Sugar  Planters  Assn.,  1527  Kee- 
auwaku  St.  (4)  1019a 

Lawder,  Rbt.  H..  American  Factors,  Ltd.,  2531  Ferdi¬ 
nand  Ave.  (54)  338v 
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The  De&brator  produces  superior  pulp  for  wcdl* 
board,  hardboard,  insulating  board  and  roof¬ 
ing  felt  from  all  kinds  of  chipped  wood  or  other 
fibrous  ligno-cellulose  materials  such  os  bagasse 
or  straw. 

BmEBIIlin  DEHBBBTOB, 


The  process  can  be  controlled  to  produce  or  dupli¬ 
cate  any  desired  degree  of  freeness  or  fineness  of 
fibre.  Pulp  is  homogeneous  with  all  fibres  intact, 
but  well  separated.  Yield  is  high  and  power  costs 
ore  low. 

A*  Stal«s  fcr 

CHiivM.n>  wiiLoiNa  w.rtC#0rt:A.H.Um*«e 
•  NEW  YOIK  17,  N.  Y.  Orphmm  Sulldbif,  SmHI*,  Wmh. 


Oval  Wood  Dish 

sustained 

Corporation 

yietd  •  •  • 

Tupper  Lake.  N.  Y. 

The  J.  Neils  Lumber  Company  is  a 

pioneer  in  the  practice  of  selective 

logging.  We  will  continue  this 

basic  policy  of  sustained  yield  so 

that  there  will  be  a  perpetual  flow 

of  excellent  raw  materials  to  out 

mills;  so  that  we  may  continue  to 
produce  and  sell  quality  forest 
products  as  we  have  since  1895. 

FACTORIES: 

Tupper  Lake,  N.  Y. 

Potsdam.  N.  Y. 

THE  OVAL  WOOD  DISH 
COMPANY  OF  CANADA,  LTD. 

J.  Neils  Luml>er  Company 

MILLS:  LIBBY,  MONTANA  and 
KLICKITAT,  WASHINGTON 

QUEBEC  P.  Q. 
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MEMBERS— OUTSIDE  THE  UNITED  STATES  AND  CANADA 


ARGENTINA 
Buenos  Aires 

Bello,  Nicolas  J.,  Beaucheff  375 

AUSTRALIA 


2164a 


Brisbane  „  .  „  ,  ^ 

Brims.  Marcus  J.  G.,  Mgr.,  Station  Road.  Yeerong- 
pilly  933v 

tGrenning,  Victor,  Dir.  of  Forests,  Queenland  Forests 
Service  734v 

Bumie,  Tasmania  .  .  „  , 

Hansen,  Clififord  B..  Sawmill  Supt.,  Associated  Pulp 
&  Paper  Mills,  Ltd.,  4  Cunningham  St.  1126v 

Canberra  „  . 

Rodger.  Geoffrey  J.,  Director  General,  Forestry  and 
Timber  Bureau  2178v 

Viaoria  „ 

Alexander,  Charles  H.,  Tech.  Asst.  209  Beaconsneld 
Parade.  Middle  Park  ,  698v 

fDixon,  Charles  Edwin,  Research  Officer,  Div.  of  For¬ 
est  Products  (C.S.I.R.),  69  Yarra  Bank  Road 

(S.C.4)  910v 

Sydney 

Hansen,  Merlin  T..  Managing  Director,  National  Box 
Company,  Ltd.,  P.  O.  Box  12  Balmain  2741v 


Ringwood,  Viaoria 
tGordon,  Alan,  Loughnan  Road 


701 V 


Rhodes  , 

Crowe,  John,  Dir.,  Boracure  (N.Z.)  Ltd.,  Uhr  s 
Point  Rd.  (N.S.W.)  ■  909v 

Melbourne,  Viaoria  ,  _ 

Clarke.  Stanley  A.,  Chief,  Div.  of  For.  Prod.  Council 
for  Scien.  &  Ind.  Research,  P.  O.  Box  18,  So.  619v 
Melbourne 

Semmens.  G.  S.  C.,  Australian  Paper  Manufacturers, 
Ud.,  Box  1643,  G.  P.  O.  1107a 

Ogden,  Ronald  E.,  %  Ogden  Bros.,  Reilly  Place 
N.S.W.  1120V 

BELGIUM 

Antwen> 

fDe  Beubelaer,  Jean  F.,  De  Beukelaer  &  De  Jonge,  27, 
Bosmanslei  663a 

Brussels 

Van  Hoorick,  L.,  Hout  Handel  &  Nijverheid,  37, 
Zennestraat,  37  624v 

tPeche,  Francis,  233  rue  de  la  Loi  603v 

Hamme 

Gillet,  Paul,  Engr.,  78,  Rue  de  la  Chappelle  1551v 

BRAZIL 
Port  Alegra 

Wolff,  Ivo,  Dirertor,  Instituto  Technologico,  Avenida 
Osvaldo  Aranaha  271,  Caixa  Postal  1864  2264a 

Sao  Paulo 

Marusi,  A.  R.,  Technical  Director,  Alba,  S.  A.,  Rua 
Conselheiro  Nebias  263,  90  Andar  1157v 

Trazegnies 

DuBois,  Francois,  Managing  Director,  Ets  Leon  TIu 

Bois  2277V 

CHILE 

Santiago 

Torricelli,  Edwardo,  Ministry  of  Lands  and  Coloniza¬ 
tion.  Teatinos  254,  3  Piso  1034a 

Valdivia 

Carrasco,  Mario,  Compania  Salibrera,  do  Tarapaco  y 
Antofasasta,  Casilla  929  1044v 

DENMARK 

Ct^ienhagen 

bgund,  Kai  F.,  Direaor,  Traeindustriens  Forskning- 
sudvalg,  Niels  Juelsgade  11,  K  2712v 

Moltesen.  Peter,  Professor,  The  Royal  Veterinary  & 
Agr.  College,  Rolighedsvej  23,  V  271 3v 

Kobcnhavn 

Blichfeldt-Petersen,  A.,  %  R.  Collstrop  A/S,  Oster- 
brogade.  2  1085v 


ENGLAND 

Birmingham 

Garlick,  Geo.,  Trilby  &  Co.,  Dd.  669v 

Bucks 

Henderson,  Frank  Y.,  Dir.,  Forest  Products  Res.  Lab¬ 
oratory,  Princes  Risborough  2498v 

Cambridge 

De  Bruyne,  N.  A.,  Managing  Director,  Aero  Research 
Limited,  Hinxton  Road,  Duxford  1002v 

Chester 

tjacob,  G.  R.,  J.  R.  Gordon  &  Co.,  14,  Newgate  St. 

857v 

Cheshire 

Harwood,  Phi^,  Director,  Cheshire  Forests  Dd., 
Willaston-In-Wirral  1473v 

Wilson,  W.  Leslie,  W.  H.  Wilson,  Ltd.,  Westminister 
Road,  Ellesmere  Port,  Wirral  1517v 

Gloucestershire 

Duggan,  Alfred  E.,  Director  &  Gen.  Mgr.,  Factories 
Direction,  Ltd.,  Pine  End  Works,  Lydney  1595v 

Essex 

Sadd,  Tadgel  H.,  John  Sadd  &  Sons,  Ltd.,  Maldon 

2012V 

Liverpool 

Beaton,  T.  B.,  Director,  Theodore  Beaton  &  Co.,  Dd., 
Peters  Bldg^  Rumford  Street  (2)  2776v 

tirvin,  D.  B.,  Director,  Irvin  &  Sellers,  Ltd.,  Forge  St., 
Derby  Road  (20)  859v 

London 

Cook,  John  E.  Evan,  Evan  Cook’s  Packers,  Ltd.,  134 
Queens  Road,  Peckham,  S.  E.  (15)  1077a 

tGrindell,  Charles  William,  Director,  Burt,  Boulton  & 
Haywood,  Ltd.,  Brettenham  House,  Lancaster  Place 
Strand  W.  C.  (2)  872v 

Harris,  Glen  P.,  Monsanto  Chemicals,  Ltd.,  Allington 
House — ^Allington  Street,  Victoria  Station  SWl  77v 
Nuttal,  Harry,  Director,  T.  White  &  Sons,  Ltd..  38 
Raymond  Road,  Wimbleden,  S.  W,  (19)  2715v 

Wilson,  S.  E.,  Wood  Tech.,  80  Brim  Hill,  N.  (2) 

2265V 

Lymington 

Giles,  J.  Laurent,  Laurent  Giles  &  Partners,  Ltd.,  4, 
Quay  Hill,  Hampshire  1579v 

Manchester 

Ashworth,  Robert  S.,  Managing  Director,  John  Ash¬ 
worth  &  Co.,  Dd.,  260  Brooklands  Road,  Wythens- 
hawe,  Lancashire  2606v 

fRobertson,  J.  C.,  Pendlebury  Road,  Swinton  Nr.  876v 

Newcastle-on-Tyne 

Schiff,  George,  15  Cranbrook  Ave.,  Gosforth  (3) 

1509V 

Nottingham 

Woodward,  W.  O.,  Timber  Merchant,  The  Notting¬ 
ham  Mills  Co.,  Ltd.,  Tralfic  Street  897v 

Sheffield 

Wells.  J.  F.,  G.  F.  Wells,  Dd.,  Bath  St.  Wks.  (1) 

982v 

Southampton 

tCollinson,  H.  A.,  Tech.  Director,  Leicester,  Lovell  & 
Co.  Ltd.,  North  Baddesley  871v 

Shropshire 

Isherwood,  Eric  Wadsworth,  Managing  Dir.,  Albert 
Isherwood  &  Co.,  Ltd.,  Railway  Sawmills,  Wem. 

2053V 

Yorkshire 

fHickson,  H.  E.,  Dir.,  Hickson's  Tim.  Impreg.  Co. 
(G.  B.)  Ltd.,  Ings  line,  Castleford  644v 

FINLAND 

Helsinski 

Rinkinen,  Olavi,  President  of  Timber  Houses,  Ltd., 
Puutalo  oy  (Timber  Houses.  Ltd.)  Mannerheimintie 
9B  2208v 

Siimes.  Feliks  E.,  Chief  of  Tech.  Lab.,  State  Institute 
for  Technic  Work,  Albertink.  24.A.6  1673v 

Katiliaara 

"■■..^inan,  Stig,  Managing  Director,  A/B  Kemi  O/Y 

2577V 
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“TKon^  DIMENSION 

A  Quality  Control  Laboratory  checks  STOCK 


A  Quality  Control  Laboratory  checks 
every  operation  as  stock  "flows” 
through  our  plant.  Capacity  1,600,000 
feet  of  lumber  per  month.  Small  or 
large  orders  get  identical  attention. 

MORGAN 

MANUFACTURING  COMPANY 

BLACK  MOUNTAIN,  N.  C. 


We 'shall  be  ^lad  to 
furnish  quotations  and 
samples  upon  receiving 
your  inquiry. 


SOUTHLAND  PAPER 
MILLS,  INC. 

LUFKIN,  TEXAS 


Unktii  Lumber  Company 

620  Market  Street 
SAN  FRANCISCO,  CALIF. 

Manufacturers  of 

CALIFORNIA 

REDWOOD 

MILLS: 

Fort  Bragg,  Calif. 

SALES  OFFICES: 

620  Market  St.,  San  Francisco,  Calif. 
117  W.  9th  St.,  Los  Angeles,  Calif. 

•  228  No.  La  Salle  St.,  Chicago,  Ill. 

2735  Grand  Central  Terminal,  New 
York  City 
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FINLAND — Continued 
Lahtis 

Lindross,  Helge,  Technical  Manager,  Fennia  Faneri 
O.  Y.  2172V 

Lauritsala 

Fabricius,  Sven,  Plywood  Engineer,  A.  B.  Kaukas 
Fabrik  2660v 

Loio 

Appleberg,  Yngve,  Production  Engineer,  O.  Y.  Faner 
A.  B.  2175V 

Saynatsalo 

Jansson,  Hannes  A.,  Technical  Manager,  Enso-Gutzeit 
Osakeyhtio  2l65v 


Kanpur 

tNayer,  Amar  Nath,  Technical  Dev.  Establishment, 
P.  O.  Box  #127,  U.  P.  219v 

Poona 

Bhathena,  P.  S.,  Sub-Divisional  Forest  Officer,  Forest 
Dept.,  Bombay  Province  2055v 

tKesarcodi,  S.  N.,  Central  Offices  (7)  602v 

Madhya  Pradesh 

Sagreiya,  K.  P.,  Managaing  Director,  National  News¬ 
print  &  Paper  Mills,  Dd.,  Kale  Bhuwan,  Mohan 
Nagar  Nagpur  2607v 

Upper  Assam 

Das,  N.  C.,  Manager,  Sleeper  Treating  Plant,  P.  O. 
Naharkativa  IJllv 


FRANCE 

(Charente  Maritime) 

Delmas,  Henri,  Aux  Combots  D'Ansoine,  Saint-Palais 
sur  mer  26$6v 

Toulouse 

Salomon,  Rene,  Prof.  A  L'Ecole,  Superieure  Du  Bois. 
15  Rue  De  Japon,  Haute-Garonne  2468v 

Paris 

tCampredon,  Jean,  Directeur,  Institut  National  du  Bois, 
14,  av.  de  Saint-Mande’  (XIIo)  654v 

Maheu,  Claude  F.,  80  Rue  Truffault  1595v 

Seine 

Collardet,  Jean,  Professor,  Ecole  Superieure  du  Bois, 
3,  Rue  de  I’Ecole  de  Mars,  Neuilly-sur-Seine  662v 

GERMANY 

Gutersloh 

Ruhenstroth,  Willy,  Holder  of  the  Firm,  W.  Ruhens- 
troth  G.M.B.H.  (Wirus)  (British  Zone)  2520a 

Hamburg 

Muller,  Joh.  Friedr.,  Broker,  J.  F.  Muller  &  Sohn 
A.  G.,  Steinstrasse  10  2092a 

Hessental 

Kurz,  Karl,  Fassfabrik  &  Saegewerk  Hessental,  Schwaeb 
Hall  (U.  S.  Zone)  2757v 

Wuerttemberg 

Kade,  Max,  Pres.,  Seeck  &  Kade,  Inc.,  %  Karl  Kurz 
Fassfabrik  Schwaeb.  Hall — Hessental  (U.  S.  Zone) 

2384a 


HAWAII 

Honolulu 

Kretzu,  John,  Mgf.,  Hawaiiana  Furniture  Mfg.  Ltd., 
Ward  &  Queen  Sts.  2238v 

HOLLAND 

Amsterdam 

Bienfait,  Jacques  L.,  Da  Costakade  104,  W  1127v 
tGips,  F.  B.  J.,  N.  Y.  Gips’  Houtbereiding,  Oranje- 
straat  9,  863v 

Grouw,  Fr. 

Halbertsma,  P.  G.,  Dir.,  Halbertsma  Woodworking 
Factories,  Ltd.  2759a 

The  Hague 

tVarossieau,  Dr.  W.  W.,  Wood  Anatomist,  Timber 
Sect.  Central  Inst,  for  Testing  Materials,  Ant. 
Duyckstr  117  793v 

Wageningen 

Houtzagers,  G.,  Director,  Institute  for  Forestry,  Univ. 
of  Wageningen  1981v 

HONDURAS 
La  Lima 

Dunlap,  V.  C.,  Director  Tropical  Research,  United  Fruit 
Co.  1571V 

Shank,  Paul  J.,  Forestry  Supervisor,  United  Fruit  Co., 
Escuela  Agricola  Panamericana,  Apartado  93,  Tegu¬ 
cigalpa,  Central  America  1550v 

INDIA 

Bangalore 

Chelvarajan,  B.  K.,  Forest  Research  Laboratory,  Mal- 
leswaram  P.  O.  1439v 

Kamesam,  S.,  Chief  Engineer,  Weldwood  Roof  & 
Bridge  Structures  Co.,  4  Miller  Road  1542v 

Swamy,  S.  Krishna,  Satsums,  169  Visvesvarapuram 
(Mysore  State)  2134v 

Dehra  Dun 

Ranganathan.  Shri  C.  R..  Pres.,  Forest  Research  In¬ 
stitute  &  College,  P.  O.  New  Forest  I644v 


ISRAEL 

Tel-Aviv 

Shpilner,  Isaac,  Importer:  Wood  and  Boxes,  Jaffa  Road 
35  Tel-Aviv,  P.  O.  Box  1701  2148a 


ITALY 

Napoli 

rranciosi,  Giovanni  F.,  Mgr.,  %  Societa  Italiana 
Rueping,  Via  Taddeo  Da  Sessa  1407v 


MALAYA,  Federation  of 
Kuala  Lumpur 

Thomas,  A.,  Timber  Research  Officer,  Timber  Research 
Laboratory,  Sentul  1582v 

MEXICO 

Chihuahua, 

Galicia,  Daniel  J.,  Forest  Engr.,  Mexican  Forest  Serv¬ 
ice,  Callejon  Peru  Sur  510,  Ciudad  Juarez  2404a 
Anaya 

Espinosa,  Manuel,  Pres.,  Lapicera,  Lapicera  Mexicana, 
S.  A.,  Mexicana  Ave.  Popocatepetl  #300 — Gral. 
Republica  De  Mex.  2555v 

Chihuahua,  Chih. 

Muzquiz,  Jose  G.  Gonzalez,  Lumberman,  Aserraderis 
Gonzalez  Ugarte,  S.  A.,  Calle  13a.  #805  2233v 

Leyva,  Martin  A.,  Estacion  Sigoyna,  Via  Minaca  2243v 
Merida,  Yucatan 

Urcelay,  Javier,  P.  O.  Box  300  1850v 

NEW  ZEALAND 
Auckland 

Currie,  James  T.,  New  Zealand  &  Forest  Products 
Prod.  Ltd.,  Box  1884  984v 

tWright,  Nevill  Lushanus,  Exec.  Dir.,  Hickson’s  Tim¬ 
ber  Impregnation  (N.  Z.)  Ltd.,  P.  O.  Box  2035 

87.3V 

Wellington 

Entncan,  A.  R.,  Dir.,  State  For.  Serv.,  Box  1,  Govt. 
Bldgs.,  Cl  631v 

Ward,  Tom  D.,  Secy.,  Dominion  Sawmillers’  Federa¬ 
tion,  Inc.,  G.  P.  O.  Box  226  2079a 


NORWAY 

Halden 

Rasch,  O.  Anker,  %  Saugbrugsforeningen,  Saugbrugs 

1086v 

Lysskcr 

Plahte,  Frithjof,  B.  Sc.  F.,  Chairman,  Norsk  Tretek- 
nisk  Institutt/of  the  Board,  Skogsvingen  2  1027a 

Oslo 

tFrang,  Per  Gerhard,  Jens  Frang,  Dalsveien  36,  Slemdal 

583v 

Gulowsen,  Karl  Th.,  Consultant,  Pilestr.  F3  1023a 
Skjelmerud.  Halvor,  Research  Engineer,  Norsk  Tretek- 
nish  Institute,  Blindern  pr  Oslo  2742v 

Skoyen 

Loschbrandt,  Ingenior  F.,  Box  2,  A6441  2230v 


PANAMA 


Panama 

Sucre,  Antonio  J.,  Engr., 
Apartado  1589 


Tierras  del  Chagres,  S.  A.. 

2677V 


PERU 

Lima 

Succar,  Jorge  R.,  Chemical  Engineer,  Escuela  de  In- 
genieros  del  Peru,  Cascilla  1301  2711v 


454  • 


FOREST  PRODUCTS  RESEARCH  SOCIETY 


Columbia-Hudson 
Lumber  Company 

Manufacturer 


Bradwood,  Oregon 

PLYWOODS- PLASTICS 
CORPORATION 

HAMPTON,  S.  C. 
Manufacturers  of 

“HAMPTONITE'’ 

Flush  Wood  Doors 
and 


Cascades  Plywood 
Corporation 

Manufacturers  of  Douglas  fir  ply¬ 
wood  and  vertical  grain  Doug¬ 
las  fir  battery  separators 

General  office:  Public  Service  Build¬ 
ing,  Portland,  Oregon 

Plants  at:  Lebanon,  Oregon 


ROY  O.  MARTIN 
LUMBER  CO. 
INC. 

P.  O.  BOX  1110 
ALEXANDRIA,  LOUISIANA 

Manufacturers  of: 

Hardwoods 


Quality  Plywood 
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Yellow  Pine 
Hardwood  Flooring. 
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PHILLIPINE  ISLANDS 
Basilan  City 

Penas,  Nazatio,  Mill  Mgr.,  Sta.  Clara  Lumber  Co., 
Inc.  2096v 

Laguiu 

Cortes,  Rosario  T,,  Forester,  Bureau  of  Forestry, 
School  of  Forestry  College  901v 

Cruz,  Eugenio  De  La,  Chief,  Div.  of  Forest  Investiga¬ 
tion  College  900v 

Mabesa,  Calixto,  Wood  Technologist,  Bur.  of  Forestry, 
School  of  Forestry  College  903v 

Zamuco,  Gregorio,  Assoc.  Prof,  of  F,orest  Utiliz., 
School  of  Forestry  College  '  902v 

Manila 

Tamesis,  Florencio,  Dir.  of  Forestry  &  Dean,  School 
of  Forestry,  Bur.  of  For.,  Univ.  of  the  Philippines 

904v 


SIAM 

Bangkok 

Suvarnasuddhi,  Khid,  Librarian,  Royal  Forest  Dept. 

2182a 


SOUTH  AFRICA 
Durban 

Gevisser,  David  J.,  Acme  Box  1183  2416v 

Parow 

Secretary,  Plywoods  Limited,  P.  O.  Box  3,  C.  P.  1862a 
Port  Elizabeth 

Baskind,  Reginald,  Research  Officer,  Boxes  &  Shooks 
(Pty)  Ltd.,  P.  O.  Box  877  6l4v 

Pretoria 

Watt,  William  Edward,  Dept,  of  Forestry,  Union  of 
S.  Africa,  Box  334  1020v 

SUDAN 

Equatorial  A.  E. 

Jackson,  Ronald,  Sawmill  Manager,  Sudan  Dept,  of 
Agriculture  &  Forest,  Katire  Sawmill — Torit  Via 

,  Juba  I638v 


Husqvama 

Arensten,  Sixten, 
Aktiebolag 


Engineer,  Husqvama  Vapenfabriks 
1985V 


Omskoldsvik 

Ogland,  Nils  Jul,  Chief  Chemist,  Mo  Och  Domsjo 
Treetex  AB  1590v 

Ulfsparre,  Sixten,  Gen.  Mgr.,  Mo  &  Domsjo  A.-B. 

2059V 


Skonsmon 

Roulier,  Phillipe  A.,  15  Rinzagen,  Box  222  lllOv 

Stockholm 

Birkner,  Lars,  Bolidens  Gruvaktiebolag,  Bryggargatan  17 

2188V 

Janson,  Jan  Erik,  Exec.  Secy.,  Svenska  Plastforeningen 
(The  Swedish  Plastics  Fed.)  43  Karlavagen  2105v 
tLindberger,  Sigurd,  Technical  Director,  Aktiebolaget 
Lauxe  in-Casco  (11)  870v 

Littorin,  Knut,  President,  Swedish  Wood  Mfgr.  Assn. 

I660v 

tSandstrom,  Sven  G.,  Wood  Impregnation  Div.,  Boli¬ 
dens  Gruvaktiebolag  (17)  372v 

Schlyter,  Ragnar,  The  Royal  College  and  Swedish 
Inst,  for  Handicrafts  (4)  1074v 

Stocksund 

Thunell,  Bertil,  Radjursvagen  5  923v 

Wastberg,  L.  G.,  Tech.  Mgr.,  E.  T,  Rahm  A.  B., 
Asogatan  126  2106v 

Sundsvall 

Tyden,  Hilding,  Svenska  Cellulosa  Aktiebolaget  2383v 


SWITZERLAND 

Pratteln 

Hertner,  W.,  Box  15  1006v 

Zurich 

Burger,  Hans.  Swiss  Forestry  Research  Station,  Tan- 
nenstr  11  (6)  992v 

Gaumann,  Ernst,  Professor,  Swiss  Federal  Inst,  of 
Technology,  Universitatsstrasse  2  (6)  1211v 

Wyss,  Oswald  F.,  Mgr.  Dir.,  Interwood  Ag.,  Forchstr. 
2  2022V 


SWEDEN 

Experimentalfaltet 

Malmstrom,  H.,  Librarian,  Skogsbiblioteket,  Forestry 
Library  of  Sweden  99'’a 


TASMANIA 

Somerset 

Andrews,  C.  F.,  Production  Mgr.,  Tasmanian  Plywood 
Mills  I957v 
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BAY  DE  IVOQEET  COMPANY 

Northern  Beeeh^  Birch  and  3§aple  Lumber 
IVAHMA,  MICH. 

Sales  Office 

817  RAILWAY  EXCHANGE  CHICAGO  4,  ILL.  TELEPHONE  HARRISON  7-7391 


QUALITYBILT 

PRODUCTS 

SASH 

DOORS 

FRAMES 

BLINDS 

SCREENS 

MOULDINGS 

TRIM 

CABINETWORK 

STAIRWORK 

BASEMENT 
SASH  UNITS 

"DE  LUXE” 

KITCHEN  UNITS 

"UNIPAK” 

CASEMENTS 

"GLIDE-AWAY” 

STAIRS 

"UNI-ROL” 

GARAGE  DOORS 

"FARLO-VENT” 

UNITS 

"FARLO-SEAL” 
WINDOW  UNITS 

"EZ-GLAZE” 

PUTTYLESS  SASH 

"FARLITE” 

LAMINATED 

PLASTICS 


HAGEMEYER  LUMBER  COMPANY 


Specialists  in  the  production  of  wood  parts 
and  Furniture  dimensions 


SECOND  NATIONAL  BANK  BUILDING 

PHONE,  CHERRY  105« 

CINCINNATI  2,  OHIO 


Established  1875  Over  21  Acres  of  Floor  Space 

Quality  in  design  and  workmanship  —  achieved  by  modern 
manufacturing  facilities  and  standardized,  volume  production 
—  is  the  distinguishing  feature  of 


RCGISTCRCO 

FARLEY  &  LOnSCHER  MFG.  CO. 

DUBUQUE,  IOWA 


ualitybil 

'^ODWORJS^ 
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Alphabetical  Membership  Directoiy 

See  Geographical  Membership  Directory  for  complete  title,  organization,  street  address  and  membership  grade 

(Complete  to  December  1,  1950) 


A 


Aalvik,  Albert,  Stevenson,  Washington  237}v 

Abbett,  Robert  W,,  New  York  19,  New  York  2298v 

Abel,  John  Stewart,  Tacoma  1,  Washington  276}v 

Adams,  James  Campbell,  Jr.,  Shelton,  Washington  27}8v 
Adler,  S.  E.,  Chicago,  Illinois  967v 

Aetna  Plywood  &  Veneer  Co.,  Chicago  22,  Illinois  1340s 
Ain,  Herbert,  Glen  Cove,  New  York  1464as 

Ainsworth,  Charles,  Moline.  Illinois  2833v 

Albert,  Edward  J.,  Philadelphia  44,  Pennsylvania  2007v 
Alexander,  Charles  H.,  Middle  Park,  Melbourne,  Victoria, 
Australia  698v 

Alexander,  John,  Eureka,  California  1092v 

Allardice,  Donald  C.,  Dollarton,  British  Columbia  2389as 

Allegretti,  Jos«)h  J.,  Chicago  2,  Illinois  _  514v 

Alien,  Armin  E.,  Philadelphia,  Pennsylvania  506v 

Allen,  George.  Fortuna,  California  1970v 

Allen,  Theo.  R.,  Jr.,  McNary,  Arizona  2508as 

Allen,  Thomas  E.,  Raleigh,  North  Carolina  2363as 

Allen,  William  F.,  Decatur  60,  Illinois  '  256v 

Alley,  R.  H.,  Arcadia,  California  1618v 

Almond,  A.  Pearson,  Atlanta,  Georgia  2336v 

Alsaker,  S.,  Woodleaf,  California  2392v 

Altfillisch,  Charles,  Decorah,  Iowa  2341v 

American  Cr^soting  Co.,  New  York  17,  New  York  1765s 
American  Denbrator,  Inc.,  New  York  17,  New  York  1149s 
American  Marietta  Co.,  Seattle  4,  Washington  1553s 

Andersen,  E.  J.,  Grand  Rapids  2,  Michigan  2210v 

Anderson,  Arthur  B.,  Berkeley  4,  California  239v 

Anderson,  Bruce  E.,  Atlanta,  Georgia  112v 

Anderson,  Bruce  G.,  McMinnville,  Oregon  2789v 

Anderson,  C.  A.,  Camas,  Washington  926v 

Anderson,  Cedric  H.,  Oakland  7.  California  1106v 

Anderson,  Clifford  E.,  Martell,  California  1976v 

Anderson,  Emil  A.,  Kalispell,  Montana  67v 

Anderson,  Eric  A.,  Syracuse,  New  York  681v 

Anderson,  Harvey  M.,  Vancouver,  British  Columbia  1506as 

Anderson,  I.  V.,  Missoula,  Montana  677v 

Anderson,  Nils,  Jr.,  New  York  17.  New  York  1535v 

Anderson,  Olaf.  Los  Angeles  54,  California  456v 

Anderson,  R.  C.,  New  Haven.  Connecticut  2751as 

Anderson.  Richard  C.,  New  Haven,  Connecticut  2751as 

Anderson,  Richard  E.,  Dallas.  Texas  2709v 

Anderson,  S.  W.,  Louisville  11,  Kentucky  1218v 

Anderson,  Stanley  D..  Lake  Forest,  Illinois  2377v 

Anderton,  Benjamin  A.,  Edgewater,  New  Jersey  942v 

Andrews,  C.  F.,  Somerset,  Tasmania  1957v 

Andrews,  Charles  W.,  Ames,  Iowa  _  1809as 

Andrews,  I.  H.,  Powell  River,  British  Columbia  260v 

Andrews,  Leonard  R.,  Vancouver,  British  Columbia  126v 
Angell,  H.  W.,  Chicago,  Illinois  ll4v 

Appleberg.  Yngve,  Loio,  Finland  2173v 

Arensten,  Sixten,  Husqvarna,  Sweden  1985v 

Aries,  Robert  S.,  Brooklyn,  New  York  33v 

Armbruster,  Fred  R.,  Seattle  1,  Washington  2431v 

Armstrong.  John  B.,  Vancouver.  British  Columbia  348v 
Arnd.  Frederick  W..  Waterloo,  Iowa  2086v 

Arneson,  Gus  N.,  Springfield,  Oregon  974v 

Art,  R.  C.,  Chicago.  Illinois  104ls 

Ashman,  Robert  I..  Orono.  Maine  1781v 

Ashworth,  Robert  S.,  Manchester,  Lancashire.  England  2606v 
Atkinson.  Fred.  Grand  Rapids.  Michigan  1299v 

Attwell,  P.  Bob,  Seattle,  Washington  8oW 

Aufrecht.  Frederick,  Chicago  6,  Illinois  1342a 

Austin,  Warren  F.,  Areata,  California  2156v 

Avery,  Jno.  L.,  Shreveport  90.  Louisiana  1880v 

Avery,  Thornas  E.,  Durham,  North  Carolina  1819as 

Austin,  Hurieosco,  St.  Louis  3,  Missouri  84lv 


B 

Babcock,  Chester  L.,  New  York  18,  New  York  931v 

Babcock,  Edward  L.,  New  York  18,  New  York  1354v 

Bachrach,  J.  M.,  Huntington.  West  Virginia  2476v 

Backman,  A.  V.,  Bloedel,  British  Columbia  359v 

Baechler,  Roy  H.,  Madison  5,  Wisconsin  ll6v 


Bagnal,  L.  N.,  Winston-Salem  1,  North  Carolina 

Bailey,  Edward  T.,  Wheaton.  Illinois 

Bailey,  Roger  A.,  Cicero  50,  Illinois 

Bailiff,  Norman  L.,  Kansas  City  15,  Kansas 

Baker,  B.  M.,  Grand  Rapids,  Michigan 

Baker  Furniture,  Inc.,  Grand  Rapids  2,  Michigan 

Baker,  Gregory,  Orono,  Maine 

Baker,  Hollis  S.,  Grand  Rapids  2,  Michigan 

Baker,  Robert  E.,  Portland  4,  Oregon 

Baker,  W.  E.  Byron,  Lock  Haven,  Pennsylvania 

Baker,  Wm.  J.,  Corvallis,  Oregon 

Baldrige,  K.,  Ojibwa,  Wisconsin 

The  Baldwin  Co.,  Cincinnati  2,  Ohio 

Ballots,  Paul,  Hazleton,  Pennsylvania 

Balster,  Wilmer  J.,  Chicago  13.  Illinois 

Baltuth,  Otto,  Melrose  Park  3,  Illinois 

Bamborough,  James  E.,  Ann  Arbor,  Michigan 

Bancker,  W.  F.,  Live  Oak,  Florida 

Bancroft,  Hu^h  G.,  Vancouver,  British  Columbia 

Bandekow,  Richard  J.,  New  York,  New  York 

Bango,  Henry  L.,  Shreveport,  Louisiana 

Banks,  Frazer,  Jr.,  Birmingham  9,  Alabama 

Barefoot,  A.  C.,  Jr.,  Raleigh,  North  Carolina 

Barnaby,  C.  H.,  Greencastle,  Indiana 

Barnes,  Dean  M.,  Santa  Monica,  California 

Barnes,  Fred  C.,  Ionia,  Michigan 

Barnes,  John  R.,  Alhambra,  California 

Barnes,  S.  B.,  Los  Angeles  13,  California 

Barnes,  Victor  S.,  Grand  Rapids  6,  Michigan 

Barnett,  W.  L’E.,  Mt.  Dora,  Florida 

Barr,  Allen  I.,  St.  Louis  3,  Missouri 

Barr,  George  H.,  Columbus  6,  Ohio 

The  Barret  Division,  New  York  6,  New  York 

Barrowclough,  W.  V.,  Cadillac,  Michigan 

Barshefsky,  Gustave,  Chicago  6,  Illinois 

Bartleson,  F.  M.,  Mead,  Washington 

Barton,  E.  H.,  Longview,  Washington 

Baskind,  Reginald.  Port  Elizabeth,  South  Africa 

Bates,  John  S.,  Montreal,  Quebec 

Batey,  Thomas  E.,  Jr.,  Weston  93,  Massachusetts 

Batke,  Leonard  A.,  Roselle,  New  Jersey 

Batson,  Jack  E.  D.,  Buffalo,  New  York 

Bauch,  G.  David,  Farmington.  Missouri 

Bauer,  T.  J.,  Ames,  Iowa 

Baxter,  David  W.,  Cambridge  42,  Massachusetts 

Beaton,  T.  B.,  Liverpool  2,  England 

Beatty,  Harold  Elliott,  Jr.,  Roanoke,  Virginia 

Beatty,  Harry  F.,  Hagerstown,  Maryland 

Beaudet,  Julian  F.,  Lake  George,  New  York 

Beaumont,  Charles  H.,  Penn  Yan,  New  York 

Beaver,  Harold,  Royal  Oak,  Michigan 

Becher,  Hubert  L.,  Trenton  8.  New  Jersey 

Becker,  Bernard  C.,  Martinsville,  Virginia 

Becker,  C.  H.,  Ironwood,  Michigan 

Becker,  Folke,  Rhinelander,  Wisconsin 

Beckwith,  Leonhard  J.,  Medford  55,  Massachusetts 

Beddoes,  R.  D.,  Chicago  6,  Illinois 

Begalka,  Walter,  Jr.,  Clear  Lake,  South  Dakota 

Beglinger,  Edward.  Madison,  Wisconsin 

Behning,  Henry  G.,  Oregon,  Illinois 

Behr,  E.  A.,  Memphis  3,  Tennessee 

Beil,  F.  F.,  Clinton,  Iowa 

Beisel,  E.  N.,  Helena,  Arkansas 

Belcher,  R.  S..  Topeka,  Kansas 

Bell,  Claude  C.,  Madison  5,  Wisconsin 

Bello,  Nicolas  t.,  Buenos  Aires,  Argentina 

Bemis,  F.  K..  Sheboygan  Falls,  Wisconsin 

Bene,  John.  Vancouver.  British  Columbia 

Benedict,  D.  Norris,  Waynesboro,  Pennsylvania 

Benioff,  Ben,  Los  Angeles  11,  California 

Bennett,  Robert,  Holland,  Michigan 

Bennett,  Robert  H.,  Grand  Rapids  4,  Michigan 

Bensend,  Dwight  W.,  Ames,  Iowa 

Benson,  H.  K.,  Seattle  5,  Washington 

Benzon,  Frank  B.,  Oakland  7.  California 

Bentley,  Deb  E.,  Sonora,  California 

Bentley,  Thomas  L.,  Chicago  4  Illinois 

Bere.  Robert  L.,  Batesville,  Indiana 
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2385a 

25v 

911v 

I476v 

1562V 

384s 

96v 

384s 

266v 

144v 

Iv 

1516v 

1206s 

2775as 

694v 

482y 

2586as 

2407V 

1811as 

303v 

585v 

2761V 

2355as 

2309V 

453a 

520V 

2305V 

2395V 

2466v 

1993a 

893v 

1203s 

1338s 

1247V 

558v 

2276v 

213V 

614v 

2779V 

1274V 

1589as 

1676v 

2370V 

1718as 

2222V 

2776v 

2815as 

1504V 

1986v 

1627a 

2095V 

2236v 

2824v 

2574v 

178v 

283v 

2570V 

2519as 

1196v 

1099a 

88v 

1498s 

1353v 

465v 


2091V 
1066v 
1467s 
61 8v 
2064a 
3l4v 
21V 
28v 
351V 
2388V 
1556v 
2162a 
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.  .  .  for  67  years,  suppliers  of  wooden 
containers  to  Pacific  Coast  grow¬ 
ers,  shippers,  manufacturers. 


CALIFORNIA  BARREL  logging  company 
COMPANY,  LTD. 


San  Francisco  Los  Angeles 

Salt  Lake  City 

Wirebound  containers  •  Sawn  shook 
Veneer  covers  •  Barrels 

Exclusive  Distributors 

DUFF  CALIFORNIA  CO. 

100  Bush  Street 
San  Francisco  4,  California 


Manufacturers  of  Lumber,  Ply¬ 
wood,  Doors  and  Insulating 
Board  Products. 


Plants  at  SHELTON  and  McCLEARY, 
WASH.,  and  KLAMATH,  CALIF. 


PINEVILLE  WOOD  PRODUCTS,  INC. 


CORE  STOCK  SEIVII-DIIVIENSION 


BODY  STOCK 


1000  Melrose  Street 


P.  O.  Box  232 


Pineville,  Louisiana 


459 


FOREST  PRODUCTS  RESEARCH  SOCIETY 


Bergey,  Elmer  E.,  Riverton,  New  Jersey  2168v 

Bergman,  Stuart  I.,  Appleton,  Wisconsin  1359as 

Bergsma,  Julius,  Grand  Rapids  7,  Michigan  l474v 

Bergval,  Lennart,  Stockholm,  Sweden  1710v 

Berkey,  William  E.,  Chicago  6,  Illinois  1375v 

Berolzheimer,  Charles  P.,  Stocktoii,  California  1458v 

Berry,  Foster  W.,  Muskegon,  Michigan  278v 

Berry,  J.  Nesbitt,  Union,  South  Carolina  1684v 

Berry,  Raymond,  Burney,  California  1450s 

Bescher,  R.  H.,  Orrville,  Ohio  73v 

Bethel,  James  S.,  Raleigh,  North  Carolina  97v 

Beveridge,  J.  B.,  Westmount,  P.  Q.  2400v 

Beyer,  Frank,  Orono,  Maine  lOOv 

Beyer,  George  W.,  Warrenton,  Oregon  2291v 

Bhathena,  B.  S.,  Bombay  Province,  Poona,  India  2055v 
Bienfait,  Jacques  L.,  Amsterdam — W,  Holland  1127v 

Bierbusse,  W.  H.,  Batesville,  Indiana  1260a 

Bigelow,  Maurice  H.,  Toledo  6,  Ohio  llOlv 

Bill,  Geo^e  W.,  Cincinnati  25,  Ohio  1033v 

Billings,  George  E.,  Lansing,  Michigan  2l46v 

Billstrom,  Edwin  J.,  Rockford,  Illinois  94lv 

Bir,  Leonard  J..  Owensboro,  Kentucky  2286v 

Bird,  Myron,  San  Francisco  3,  California  2087v 

Birdsall,  Keith  C.,  Syracuse  10,  New  York  1737v 

Birkner,  Lars,  Stockholm,  Sweden  2188v 

Birmingham,  E.  B.,  Samoa,  California  2342v 

Birn,  Serge  A.,  Louisville  2,  Kentucky  1974v 

Bishop,  Alfred  H.,  Syracuse  10,  New  York  1174v 

Bissell,  D.  H.,  New  York  17,  New  York  125a 

Bissman,  C.  A.,  Springfield  2,  Missouri  2193a 

Blachek.  Jacob.  Metamora,  Illinois  2220v 

Black,  Ernest  D.,  Roseburg,  Oregon  1926as 

Black,  Leo  S.,  Seattle  7,  Washington  1743v 

Blackburn,  J.  B.,  Chicago,  Illinois  568v 

Blackwell,  Lloyd  P.,  Ruston,  Louisiana  1015v 

Blair,  H.  H.,  Houston  2,  Texas  842a 

Blais,  Roger,  Paris,  France  655v 

Blakney,  C.  Dwayne,  Corvallis,  Oregon  1524as 

Blanchard,  Glenn,  St.  Paul  3,  Minnesota  2582v 

Bland,  Douglas  K.,  Henderson,  Kentucky  1078v 

Blazzard,  J-  H.,  Kamas,  Utah  2001v 

Blessing,  William  J.,  Enumclaw,  Washington  1932as 

Petersen-Blichfeldt,  A.,  Osterbrogade  2,  Kobenhavn,  Den¬ 
mark  1085V 

Bliss,  Verne  F.,  Durham.  North  Carolina  2081as 

Blissett,  D.  O.,  Gillett,  Wisconsin  284lv 

Bloch,  Ivan,  Portland  5,  Oregon  2692v 

Bloedcl,  Prentice,  Vancouver,  British  Columbia  215v 

Bloedel,  Stewart  &  Welch,  Ltd.,  Vancouver,  British  Colum¬ 
bia  1316s 

Bloomer,  P.  A.,  Fisher,  Sabine  Parish,  Louisiana  106v 
Blum,  R.  J.,  Jr.,  Cincinnati  25,  Ohio  1153s 

Blumenstein,  Robert  R.,  Washington  19,  District  of  Colum¬ 
bia  221v 

Boatman,  Robert  L.,  Van  Wert,  Iowa  2123v 

Boehm,  Robert  M.,  Laurel,  Mississippi  1108v 

Bogert,  Col.  Marston  Taylor,  New  York  29,  New  York 
„  907a 

Bogess,  W.  Doyle,  Indianapolis  4,  Indiana  137v 

Bogner,  John  J.,  Seattle  4,  Washington  276v 

Boldt,  A.  W.,  Faribault,  Minnesota  2405v 

Bollinger,  A.  E.,  Drexel  Hill,  Pennsylvania  2795v 

Bolon,  James  R.,  Stanley,  Wisconsin  2151as 

Bond,  Ralph  A.,  Chicago  II,  Illinois  ll69v 

Bonser,  William  E.,  Port  Washington,  Wisconsin  2707v 
Booth,  C.  Curtis,  Binghamton,  New  York  588v 

Booty,  Raymond  G.,  Shaker  Heights,  Ohio  156v 

Borchgrevink.  K.  Gordon,  Syracuse,  New  York  2640v 

Borden  Co.  Chemical  Div.,  New  York  17,  New  York  342s 
Borglin.  Joseph  N.,  Wilmington  99,  Delaware  676v 

Boschwitz,  Franz  L.,  Oshkosh.  Wisconsin  .  2560v 

Bost,  C.  T.,  Hickory.  North  Carolina  2740v 

Bost,  Cecil  T.,  Jr.,  Raleigh,  North  Carolina  2818as 

Bovay,  H.  E.,  Jr.,  Houston  2,  Texas  2288v 

Bourget,  Marie-Albert,  Quebec,  P.  Q.  550v 

Bowen,  Calvin  M.,  Logan,  Utah  549v 

Bowman,  Don  B.,  Tacoma,  Washington  lllv 

Boyce,  Steve  G.,  Raleigh,  North  Carolina  1367as 

Boyer,  Ernest  C.,  Rockford,  Illinois  2844v 

Boyd,  Hubert  L.,  Raleigh,  North  Carolina  26l7as 

Bradley  Lumber  Company  of  Arkansas,  Warren,  Arkansas 
„  ,  1087s 

Bradley,  John  M.,  Jr.,  Birmingham  5,  Alabama  2695as 

Bragg,  Arnold  W.,  Raleigh,  North  Carolina  2649as 

Braun,  Carl  E.,  Oregon  City,  Oregon  2364v 

Brauns,  Friedrich  E.,  Appleton,  Wisconsin  2565v 

Bray,  Joseph  M.,  Buffalo  12,  New  York  1901v 

Bren,  B.  C.,  Wilmington,  Delaware  921a 

Brenne,  Fred  M.,  Eugene,  Oregon  1706<i 

Brentlinger,  P.  D.,  Philadelphia,  Pennsylvania  843v 

Breton,  J.  A.,  Quebec,  Quebec  84a 

Brice,  C.  L.,  Archer,  Florida  2434v 


Briggs,  Elbert  A.,  Beatrice,  Nebraska  2846v 

Brims,  Marcus  J.  G.,  Brisbane,  Australia  933v 

Brinckerhoff,  H.  E.,  New  York  17,  New  York  2634a 
Brindley,  Ralph  S.,  Seattle  4,  Washington  2036as 

Bringman,  Clias.  W.,  Orlando,  Florida  1820a 

Brink,  Charles  M.,  ^nta  Clara,  California  2078a 

Brinker,  Morrison  W.,  Denver  12,  Colorado  1471as 

British  Columbia  Lbr.  Mfgrs.  Assoc.,  Vancouver,  British 
Columbia  1178s 

Broderick,  R.  E.,  New  York  16,  New  York  2127v 

Bromley,  W.  S.,  New  Rochelle,  New  York  1022v 

Brooks,  Chester  W..  Seattle  9.  Washington  1501v 

Brooks,  R.  D.,  McKeesport,  Pennsylvania  1164a 

Brosy,  Robert  L.,  Seattle  14,  Washington  2504a 

Brouse,  Don,  Madison  5,  Wisconsin  501v 

Browder,  David  D.,  Sweetwater,  Tennessee  728v 

Brown,  Clay,  Portland  4,  Oregon  1287v 

Brown,  Earl  D.,  North  Waterford,  Maine  604v 

Brown,  Earnest  W.,  Pittsburg,  California  2753v 

Brown,  G.  Basil,  Manville,  New  Jersey  255v 

Brown,  Harry  P.,  Syracuse  10,  New  York  383v 

Brown,  Kenneth  D.,  Ames,  Iowa  1834as 

Brown,  Kenneth  O.,  Winchendon,  Massachusetts  2254v 
Brown,  Kenneth  R.,  Chicago  28,  Illinois  2643v 

Brown,  L.  V.,  Gibbs,  Idaho  2545v 

Brown,  Nelson  C.,  Syracuse  10,  New  York  2237v 

Brown,  Roscoe  M.,  Vancouver,  British  Columbia  267v 
Brown,  Warren  H.,  McCall,  Idaho  1954v 

Browning,  H.  A.,  Anaheim,  California  450v 

Broyhill,  Paul  H.,  Lenoir,  North  Carolina  2783v 

Broyhill,  Vernon,  Boomer,  North  Carolina  2674as 

Bruce,  C.  Arthur,  Memphis  1,  Tennessee  231s 

Bruce,  E.  L.  Co.,  Memphis  1,  Tennessee  231s 

Bruce,  Robert  M.,  Plymouth,  North  Carolina  2289v 

Brundage,  Marsden,  Columbus  2,  Ohio  1024v 

Bruneau,  Arthur  J.,  Hancock,  Michigan  124lv 

Bruun,  Alex,  Montreal,  Quebec  2011v 

Bryan,  B.  E.,  Calypso,  North  Carolina  2654v 

Bryant,  Ben  S.,  Seattle  5,  Washington  2540v 

Buchholz,  Robert  C..  Biltmore,  North  Carolina  1967v 
Buckeye  Screen  &  Weatherstrip  Co.,  Columbus  6,  Ohio 

1203s 

Buckman,  Stanley  J.,  Memphis  8,  Tennessee  2766v 

Buehler,  Walter,  Lakeland,  Florida  357v 

Buell,  Deems  L.,  Laconia,  New  Hampshire  2281v 

Buell,  Hen^  N.,  Forest,  Mississippi  2454v 

Buff,  Karl  E.,  Detroit  5,  Michigan  2257v 

Bugge,  John  A.,  Reed  City,  Michigan  693v 

Bullion,  Bruce,  Gainesville,  Florida  684v 

Bunch,  Jacob  R.,  Raleigh,  North  Carolina  2461as 

Burchard.  Donald  C.,  Boonville,  New  York  1754v 

Burge,  W.  E.,  Winstom-Salem,  North  Carolina  2782v 
Burgee,  Joseph  Z.,  Chicago  1,  Illinois  2386a 

Burger,  Hans,  Zurich  6,  Switzerland  992v 

Burgeson,  John  A.,  Jamestown,  New  York  1399as 

Burgess,  Joseph,  New  York  57.  New  York  2513v 

Burgess,  Richard  F.,  Orono,  Maine  2486v 

Burgon,  George  L.,  New  Westminster,  British  Columbia 

2347V 

Burgon,  William  J.,  Vancouver,  British  Columbia  860v 
Burk,  Albert  D..  Shreveport,  Louisiana  699v 

Burk,  William  W.,  Osceola,  Indiana  _  1379v 

Burke,  John  N.,  Vancouver,  British  Columbia  288v 

Burkhart,  Richard  L.,  Seymour,  Indiana  57v 

Burnett,  Don,  Corvallis,  Oregon  I484as 

Burnett,  Harley  L..  Wartrace,  Tennessee  1374v 

Burns,  Frank  L.,  Willow  Run,  Michigan  2046as 

Burns,  Henry  L.,  Portland  16,  Oregon  584v 

Burns,  Kenneth  E.,  Crosby,  Minnesota  2l42v 

Burns.  Richard  M.,  Solvay,  New  York  2813as 

Burnside,  Bradley  A.,  Portland  8,  Oregon  2366v 

Burrell,  Richard  D.,  Minneapolis  14,  Minnesota  2112as 
Burritt,  W.  L.,  Omaha  2,  Nebraska  1751v 

Burruss,  R.  S.  Land  &  Lbr.  Co.,  Lynchburg,  Virginia  869v 
Burton. 'Edward  R.,  Walnut  Creek,  California  2558as 

Bush,  H.  O.,  Cleveland  15,  Ohio  431v 

Buss,  Frank  J.,  Melrose  76,  Massachusetts  1093v 

Bussert,  L.  Keith,  Lewiston,  Idaho  1390as 

Butler,  Allan  G.,  Bloomfield,  New  Jersey^  2608v 

Butler,  John  L.,  Darlington,  South  Carolina  2615v 

Butler,  Roy  J.,  Kansas  City  6,  Missouri  _  184v 

Bye,  Norman  C.,  Philadelphia  35,  Pennsylvania  594v 


c 


Cable,  S.  C.,  Romford,  Essex.  England 
Cairns,  lames  S..  Littletown,  Pennsylvania 
Cairns.  Robert  W..  Wilmington  99.  Delaware 
Calderwood.  H.  N.,  Madison  5,  Wisconsin 
Ca'dwell,  David  H.,  Canastota,  New  York 
California  Cedar  Products  Co.,  Stockton,  California 


844v 

586v 

177v 

696v 

2549V 

1292s 
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California  Redwood  Assn.,  San  francisco  4,  California 

1482$ 

Cameron,  Wm.  &  Co.,  Waco,  Texas  1291s 

Cammann,  R.  L.,  New  York  6,  New  York  1338s 

Camp  Van  S.,  Tigard,  Oregon-  1410v 

Campbell,  Craig  C.,  Washington,  District  of  Columbia 

2390as 

Campbell,  Roderic  J.,  Superior,  Wisconsin  1370as 

Campredon,  Jean,  Paris  (Xlla)  France  654v 

Canadian  Forest  Products  Limited,  New  Westminster, 
British  Columbia  1716s 

Canterbury.  Nathan  D.,  Houston  4,  Texas  95a 

Cantliffe,  Lawrence  R.,  Jr.,  Westmorland  Depot,  New 
Hampshire  2608as 

Cantore,  John  J.,  Maywood,  Illinois  2346v 

Cardinal.  Benjamin  T.,  San  Francisco,  California  1273v 
Carey,  C.  M.,  Jr.,  Morganton,  North  Carolina  2765v 

Carey,  Dudley  C.,  Louisville  8,  Kentucky  2l6v 

Carlberg.  Gunther,  Chicago  2,  Illinois  756v 

Carlin,  J.  B.,  Jr.,  Memphis  8,  Tennessee  2854v 

Carlson,  C.  E.,  Chicago  22,  Illinois  1519s 

Carlson,  Carl  L.,  Bristol,  Connecticut  2272v 

Carlson,  Clarence  G.,  Chicago  9.  Illinois  2467v 

Carlson,  Emil  A.,  Chicago  22,  Illinois  755v 

Carlson,  George  W.,  Holyoke,  Massachusetts  2100v 

Carlson,  Thorwald  A.,  Majlison  5,  Wisconsin  108v 

Carlson,  William  H.,  Corvallis,  Oregon  998a 

Carman,  Harold  E.,  Lincoln,  Washington  2267v 

Carney,  Arthur  M.,  Seattle  1,  Washington  1574s 

Carpenter,  Lucius  S.,  Jr.,  Biddeford,  Maine  145 Iv 

Carpenter,  Roswell  D.,  New  Orleans  12,  Louisiana  1197v 
Carr,  James  H.,  Jr.,  Washington,  District  of  Columbia 


222v 

Carr,  L.  J.  8c  Co.,  Sacramento,  California  1171s 

Carr,  R.  H.,  Jasper,  Alabama  16l4v 

Carr,  R.  J.,  River  Forest,  Illinois  2453v 

Carrasco,  Mario,  Valdivia,  Chile  1044v 

Carroll,  W.  E.,  Wasena,  Roanoke  15,  Virginia  777v 

Carter,  Roy  M.,  Raleigh,  North  Carolina  183v 

Cascade  Pacific  Lumber  Co.,  Portland  4,  Oregon  1181s 
Cascades  Plywood  Corporation,  Portland  4,  Oregon  1628s 
Casselman,  Ralph,  Oshkosh,  Wisconsin  2441v 

Castle,  Carl  C.,  Seattle,  Washington  833v 

Chadbourne,  Philip  H.,  Bethel,  Maine  2126v 

Chaffee,  L.  L.,  Morrisville,  Vermont  24l9v 

Chamberlin,  Crtorge  E.,  International  Falls,  Minnesota  2143v 
Chanson,  F.  J.,  Madison  5,  Wisconsin  2184v 

The  Champion  Paper  &  Fibre  Co.,  Canton,  North  Carolina 

1177s 

Champlin,  William  H.,  Rochester,  New  Hampshire  2323v 
Chang,  Ying-Pe,  Ann  Arbor,  Michigan  1739as 

Chapman  Chemical  Co.,  Memphis  3,  Tennessee  2755s 
Chapman,  A.  Dale,  Chicago  1,  Illinois  945v 

Chapman,  G.  V.,  Drexel,  North  Carolina  1057v 

Charck,  Paul  E.,  Jr.,  Boston  18,  Massachusetts  269lv 

Charles,  Harold  L.,  Rochester  3,  New  York  912v 

Charshee,  Arthur  V.,  Baltimore  18,  Maryland  2328v 

Chase,  Harry  A.,  Corvallis,  Oregon  26l6as 

Chatin,  Alexander,  New  York  17,  New  York  •648v 

Chaudhuri,  P.  K.  B.  R.,  Seattle  5.  Washington  2109v 
Chelvarajan,  B.  K.,  Bangalore.  India  1439v 

Chen  Chi  Ling,  Syracuse  10,  New  York  2588as 

Cheo,  Ying-Chang,  Ann  Arbor,  Michigan  2704as 

Chesley,  Kenneth  G.,  Crossett,  Arkansas  2v 

Chesney^  Herbert,  Fort  Lauderdale,  Florida  985a 

Childs,  Benjamin  G.,  Durham,  North  Carolina  2478v 
Childs,  Edward  C.,  Norfolk,  Connecticut  2003a 

Christeson,  Blaine  C.,  East  Tawas,  Michigan  2248v 

Christian,  M.  B.,  Tallulah,  Louisiana  2l4lv 

Christopher,  George  H.,  Prescott,  Arkansas  2394v 

Christopherson,  Arnold  J.,  Fergus  Falls,  Minnesota  2368v 
Christy,  Anthony  F.,  Grand  Rapids  2,  Michigan  l606a 
Chudnoff,  Martin,  Philadelphia,  Pennsylvania  1264as 

Church  Wm.  C.,  San  Antonio  5,  Texas  500v 

Churchill,  P.  W.,  Berlin,  New  Hampshire  2542v 

Clady,  L.  M.,  Osbkosh,  Wisconsin  977v 

Clapp,  Byron  S.,  Siler  City,  North  Carolina  2256v 

Claridge,  B.  E.,  Erie,  Pennsylvania  I4l4v 

Clark,  Bailey  A.,  Miami  38,  Florida  2212v 

Clark,  Alexander  L,,  Grand  Rapids,  Michigan  2218as 

Clark,  Irving  W.,  Louisville  12,  Kentucky  2376v 

Clark,  James  D’A.,  Longview,  Washington  2630v 

Clark,  James  R.,  Crosby,  Mississippi  2427v 

Clarke,  Stanley  A.,  Victoria,  Australia  6l9v 

Clausen,  Victor  H.,  Jr.,  North  Bend,  Oregon  2150as 

Clawson,  John  D.,  South  Shaftsbury,  Vermont  1917v 

Cleese,  Jonn  I.,  Menlo  Park,  California  2035v 

Clement,  Philip  P.,  Bangor,  Maine  1335v 

Clements,  MacMillan,  Southport,  Connecticut  l432v 

Cleverden,  David  W.,  New  York  17,  New  York  2023v 
Cleworth,  C.  William,  New  York  17,  New  York  2551v 
Cline,  B.  G.,  Jr.,  Alexandria,  Virginia  1268v 

Cline,  Delbert  G.,  New  Castle.  Indiana  2077s 


Close.  Charles  E.,  Chicago  5,  Illinois  152v 

Cloud,  Mason  C.,  Jr.,  Athens,  Georgia  2021v 

Cochran,  C.  E.,  Indianapolis  1,  Indiana  1878v 

Cochran,  Ira  B.,  Jr.,  Blacksburg,  Virginia  1823as 

Cockrell,  Robert  A.,  Berkeley,  California  17v 

Coddington,  Harold,  Steger,  Illinois  2294s 

Coe,  Howard  H.,  Stockbridge,  Vermont  20l6v 

Coffey,  Daniel  F.,  Marinette,  Wisconsin  2367v 

Cohen,  A.  J.,  Long  Island  City,  New  York  1724v 

Cohen,  Arnold  J.,  New  York,  New  York  l691v 

Cohn,  Carl  K.,  Hamilton,  Ohio  2559as 

Colby,  H.  C.,  Jr.,  Riverton,  New  Jersey  1836v 

Cole,  J.  F.,  Selma,  Alabama  1937v 

Cole,  Leon  R.,  Tacoma,  Washington  2778v 

Coleman,  Donald  G.,  Madison  5,  Wisconsin  509v 

Coleman,  P.  N.,  Philadelphia  48,  Pennsylvania  679v 

Colgan,  Richard  A.,  Jr.,  Washington  6,  District  of  Colum¬ 
bia  439v 

Collar,  W.  F.,  Austell,  Georgia  881v 

Collardet,  Professor  Jean,  Neuilly-sur-Seine,  Seine,  France 

662v 

Collett,  Sterling  R.,  Morganton,  North  Carolina  1064a 
Colley,  Reginald  H.,  Murray  Hill,  New  Jersey  60v 

Collins,  E.  Hobart,  Kelso,  Washington  281v 

Collins,  John  C.,  Ashland,  Oregon  l403v 

Collins,  Truman  W.,  Portland,  Oregon  324v 

Collinson,  H.  A.,  Southampton,  England  871v 

Cologne,  John  J.,  Philadelnhia  35,  Pennsylvania  2781v 

Colucci,  G.,  Wilmington,  North  Carolina  1200v 

Colucci,  John,  Jr.,  Wilmington,  North  Carolina  1201v 

Combs,  Theo.  C.,  Los  Angeles  16,  California  630v 

Comer,  John  P.,  Tonawanda,  New  York  1392as 

Compton,  Kenneth  C.,  Columbia,  Missouri  986v 

Cone,  A.  F.,  Port  Washington,  Wisconsin  936v 

Cone,  Charles  N.,  Portland  3.  Oregon  24l8v 

Conklin,  Walter  E.,  Roslyn,  Long  Island.  New  York  2051v 
Conkling,  Ray,  Corvallis,  Oregon  2834as 

Conlin,  Robert  A.,  Logan,  Utah  2725as 

Connelly,  T.  J.,  Chicago  11,  Illinois  1479v 

Connolly,  Frank  J.,  Los  Angeles  55.  California  l626v 

Connor,  Gordon  R.,  Wakefield,  Michigan  I4lv 

The  Connor  Lumber  &  Land  Co.,  Wakefield,  Michigan 

1192s 

Conner,  Ray  C.,  Detroit  19,  Michigan  1230v 

Connor,  W.  D.,  Marshfield,  Wisconsin  65v 

Connors,  George  L..  Durango,  Colorado  2329v 

Connors,  John  J.,  Jr.,  Anacortes,  Washington  1849v 

Conyers,  W.  P.,_Jr.,  Spartanburg,  South  Carolina  507v 
Cook,  Franklin  W.,  Portland,  Oregon  424v 

Cook,  John  E.  Evan,  London  S.  E.  15,  England  1077a 
Cook,  Thomas  H.,  Chicago  20,  Illinois  947v 

Cook,  Thomas  M.,  New  York  5,  New  York  l69v 

Cook,  W.  A.,  Michigan  City,  Indiana  2363v 

Coon,  Byron  E.,  Beloit,  Wisconsin  2533v 

Cooper,  Kirk  R.,  Tacoma  2,  Washington  1217v 

Peter  Cooper  Corps.,  Chicago,  Illinois  1221s 

Cope,  Donald  B.,  Cumberland,  Wisconsin  1468v 

Core,  Harold  A.,  Syracuse  10,  New  York  2065v 

Corey,  Dr.  Alfred  J.,  Edmunston,  New  Brunswick  547v 
Corlett,  James  B.,  Seattle  55,  Washington  2048as 

Cornwall,  George  F.,  Portland  10,  Oregon  2183a 

Cortes,  Rosario  T.,  College,  Laguna,  Philippines  901v 
Corti,  Marc,  A.,  Springdale,  Connecticut  10J2v 

Cortright,  Frank  W.,  Washington  6,  District  of  Columnia 

105v 

Cote,  Wilfred  A.,  Jr.,  Syracuse,  New  York  2292as 

Coulter,  C.  H.,  Tallahassee,  Florida  2501v 

Countryman,  David,  Tacoma,  Washington  1046v 

Cowan,  C.  H.,  Memphis,  Tennessee  2839a 

Coward,  Gordon  N.,  Portland,  Oregon  534v 

Cowlin,  R.  W.,  Portland  1,  Oregon  2469v 

Cowlishaw,  J.  E.,  Grand  Rapids  2,  Michigan  1780v 

Cox.  Earl.  Asheboro,  North  Carolina  2502v 

Cox,  H.  J.,  Eugene,  Oregon  66v 

Cox,  John  M.,  Chicago  1,  Illinois  2450v 

Coyle,  Charles  J.,  Ames,  Iowa  1128v 

Crafton,  John  M.,  Altavista,  Virginia  2531v 

Craig,  Robert,  Jr,,  Ann  Arbor,  Michigan  919v 

Craig,  Walter  r.,  Salisbury,  Maryland  300v 

Craigo.  L,  W..  Chicago  6,  Illinois  1068a 

Cramer,  Lloyd  Arthur,  Blanchester,  Ohio  2591a5 

Cranch  Richard  C,,  New  Haven  11,  Connecticut  2494v 
Crandall,  Lee  W,,  Madison  6,  Wisconsin  722v 

Crane,  FI.  R.,  Corning,  California  1166s 

Crane  Mills,  Corning,  California  1166s 

Crawford,  Clyne,  Jamestown,  New  York  2034s 

Crawford  Furniture  Mfg.  Corp.,  Jamestown.  New  York 

2034s 

Crawmer,  James  R.,  Bedford,  Ohio  1745v 

Creal,  T.  K.,  Warren,  Pennsylvania  620v 

Creighton,  Thomas  H.,  New  York  18,  New  York  633a 
Critchheld,  Elmer  M.,  Seattle  5,  Washington  2411v 

Cromwell,  Howard  F.,  Syracuse  10,  New  York  2807as 
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of 
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Fixture  Manufacturing  Co.,  Inc. 

COLUMBUS,  MISSISSIPPI 
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Crosby,  Harold  S.,  Oshkosh,  Wisconsin  3v 

Crossett  Lumber  Co.,  Crossett,  Arkansas  421s 

Croston,  Edward  L.,  Tacoma  2,  Washington  991a 

Crowe,  John,  Rhodes,  N.  S.  W.,  Australia  909v 

Crump,  Harry,  Schenectady  5,  New  York  1663v 

Cumming,  Leonard  E.,  North  Tonawanda,  New  York  2010v 
Cummings,  J.  R.,  Cincinnati  20,  Ohio  2423v 

Cunningham,  Jack  B.,  Burbank,  California  143v 

Currie,  James  T.,  Auckland,  New  Zealand  984v 

Currier,  Raymond  A.,  Syracuse,  New  York  2682as 

Curtis  Co.,  Inc.,  Clinton,  Iowa  1498s 

Curtis,  Glen  D.,  Huntington,  Indiana  2313a 

Cutting,  E.  J.,  Hampton,  South  Carolina  671v 


D 

Dahlquist,  Robert  A.,  Tacoma  2,  Washington  950a 

Daley,  Roland  B.,  Indianapolis  4,  Indiana  1284v 

Daly,  Milton  J.,  Ketchikan,  Alaska  1215s 

Damon,  Herbert  S.,  North  Conway,  New  Hampshire  2098a 
Damtoft,  W.  J.,  Canton,  North  Carolina  1177s 

Dana,  S.  T.,  Ann  Arbor,  Michigan  721v 

Daniels,  E.  W.,  Hoquiam,  Washington  2356v 

Dant,  Robert  E.,  Vancouver,  Washington  1685v 

Dantzler,  A.  M.,  Perkinston,  Mississippi  191v 

Dargan,  E.  E.,  Conway,  South  Carolina  1928v 

Darwin,  William  N.,  Tennessee  Valley  Authority,  Norris, 
Tennessee  2032v 

Das,  N.  C.,  Upper  Assam,  India  1511v 

Davidson,  E.,  By  Minnette,  Alabama  2433v 

Davis,  Chester  D.,  Adair  Village.  Oregon  2088as 

Davis,  Edward  M.,  Madison  5,  Wisconsin  1792v 

Davis,  H.  L.,  New  Orleans  15,  Louisiana  891a 

Davis,  Henry  S.,  Buffalo  7,  New  York  2417v 

Davis,  John  D.,  Sr.,  Durham,  New  Hampshire  2667as 

Davis,  J.  J.,  Oshkosh,  Wisconsin  2440s 

Davis,  K.  E.,  Seneca  Falls,  New  York  2583a 

Davis,  Kenneth  P.,  Missoula,  Montana  1924v 

Davis,  Robert  W.,  Washington,  District  of  Columbia  lOlv 
Davis,  W.  Lipscomb,  Nashville  6,  Tennessee  1567v 

Dawson,  Don,  Portland  4,  Oregon  2788v 

Day,  Ralph  K.,  Columbus  2,  Ohio  92v 

Dayton,  Monteath  T.,  New  York  51.  New  York  2352v 

Dean,  George  W.,  Charlottesville,  Virginia  331a 

De  Beukelaer,  Jean  F.,  Antwerp,  Belgium  663a 

De  Bruyne,  N.  A.,  Duxford,  Cambridge,  England  1002v 
Decker,  A.  D.,  Ne^amort,  Washington  599v 

Decker,  E.  Everett,  Springfield  2,  Massachusetts  731v 

Deckert,  Russell  C.,  East  Lansing  Michigan  1140v 

Dedrick.  Dallas  S.,  Longview,  Washington  2472v 

Deer  Park  Pine  Industry,  Inc.,  Deer  Park,  Washington 

1313s 

DeGrace,  Robert  E.,  Corvallis,  Oregon  2505v 

Deichman,  Mark  W.,  Spartanburg,  South  Carolina  2072v 
De  La  Cruz,  Eugenio,  Laguna,  Philippines  900v 

De  Liniers*  Jacques,  Montreal,  Quebec  378v 

Delmas,  Henri,  (Charente  Maritime)  France  2656v 

Delmhorst,  William  J.,  Boonton,  New  Jersey  1518v 

DeMoisy,  Ralph,  Seattle  5,  Washington  2637v 

Dempsey,  Thomas  J.,  Yonkers  3,  New  York  1767v 

Denman,  W.  T.,  L,  Fernwood,  Mississippi  784v 

Dentzman,  Heny  J.,  St.  Louis  4,  Missouri  1226v 

DePan,  R.  T.,  Downington,  Pennsylvania  1382v 

DePree,  Hugh,  Zeeland,  Michigan  2186v 

Desjardins,  Pit  U.,  Montreal  2,  Quebec  2260v 

Dewdney,  Frank  A.,  Stratford,  Ontario  2835v 

De  Witt,  D.  S.,  Oconto,  Wisconsin  1134s 

De  Young,  Robert  F.,  Ann  Arbor,  Michigan  2619as 

De  Zeeuw,  Carl  Syracuse  10,  New  York  2537v 

Dezell.  Wilbur  S.,  Quincy,  Florida  2430v 

Dick,  D.  E.,  Lexington,  Massachusetts  1266v 

Dick,  M.  Everett,  Holland,  Michigan  1229v 

Dickerson,  Elmer  C.,  Sheboygan,  Wisconsin  224lv 

Dickerson,  Thomas  B.,  State  College,  Pennsylvania  2593as 
Dickinson,  Fred  E.,  New  Haven,  Connecticut  553v 

Dierks,  Frederick  M.,  Mountain  Pine,  Arkansas  1180s 
Dierks  Lumber  &  Coal  Co.,  Mountain  Pine,  Arkansas  1180s 
Dietterich,  Clarence  W.,  Atlanta  3,  Georgia  1512v 

Dietz,  Albert  G.  H..  Cambridge  39,  Massachusetts  172v 
Diller,  Oliver  D..  Wooster,  Ohio 
Dimond,  Lloyd  E.,  Louisville,  Kentucky 
Dinger,  Frank,  Jr.,  Bellingham,  Washington 
Dingman,  Raymond  H.,  Grand  Rapids  2,  Michigan 
Dixon,  Charles  Edwin,  Melbourne,  S.  C.  4, 

Australia 

Dixon,  Grant,  Jr.,  Spokane  7,  Washington 
Dixon,  Harold  F.,  Montreal  32,  Quebec 
Doan,  W.  E.,  Portland  5.  Oregon 
Dodd,  Robert  E.,  North  Tonawanda.  New  York 
Donilovich.  Wm.,  Jackson,  California 
Dorland,  Rodger  M.,  Sault  Ste.  Marie,  Ontario 


Dorr,  Henry,  Jr.,  Auburn,  Alabama  1648v 

Dosker,  C.  D.,  Louisville  9,  Kentucky  1105v 

Dotter,  Henry  A.,  Jr.,  Vancouver,  Washington  l487v 

Doughty,  Joseph  B.,  Charleston,  South  Carolina  2451v 
Douglas  Fir  Plywood  Association,  Tacoma  2,  Washington 

1151s 

Douglas,  Manfred  I.,  Buffalo  20,  New  York  1365as 

The  Dow  Chemical  Co.,  Midland,  Michigan  1559s 

Dowd,  Donel  E.,  Longview,  Washington  637v 

Downingtown  Mfg.  Co.,  Downingtown,  Pennsylvania  1381s 
Doyle,  Elwyn  N.,  Fredericton,  N.  B.  Canada  1997as 

Doyle,  Howard  J.,  Macon,  Georgia  2631v 

Drake,  George  L.,  Shelton,  Washington  1465s 

Drakos,  John  B.,  Hartford  5,  Connecticut  1343a 

Draper  Corporation,  Beebe  River,  New  Hampshire  1213s 
Dregge,  John  W.,  Grand  Rapids  2,  Michigan  1372v 

Dreitzler,  R.  F.,  Seattle,  Washington  I641v 

Drew,  Everett  G.,  Portland  11,  Oregon  i57v 

Drew,  L.  P.,  Omaha  2,  Nebraska  649v 

Drow,  John  T.,  Madison  5,  Wisconsin  765v 

DuBois,  Francois,  Trazegnies,  Belgium  2277v 

DuBrucq,  Ray  C.,  Leetonia,  Ohio  2242v 

Duff,  Kenneth  W.,  Seattle  14,  Washington  2552v 

Duggan,  Alfred  E.,  Lydney,  Gloucestershire,  England  1595v 
Dumaree,  A.  H.,  Panama  City,  Florida  2066v 

The  Dunbar  Furniture  Mfg.  Co.,  Berne,  Indiana  1165s 
Duncan,  Gordon  A.,  Seahurst,  Washington  340v 

Dunham,  C.  B.,  Port  Alberni,  British  Columbia  360v 
Dunlap,  M.  E.,  Madison  5,  Wisconsin  74lv 

Dunlap,  V.  C.,  La  Lima,  Honduras  1571v 

Dunn,  Paul  M.,  Corvallis,  Oregon  1058v 

Dunn,  T.  J.,  Jr.,  Hackettstown,  New  Jersey  2401v 

Durana,  Guillermo,  Ann  Arbor,  Michigan  1845as 

Durand,  Robert  A.,  New  Westminster,  British  Columbia 

2703v 

Durbahn,  Walter  E.,  Highland  Park,  Illinois  2324v 

Durland,  William  D.,  New  Orleans,  Louisiana  846v 

Durst,  Sterling  H.,  Louisville  9.  Kentucky  2043v 

Dwyer,  William  J.,  West  Newton,  Pennsylvania  2701v 
Dyson,  Donald  E.,  Seattle  5,  Washington  1907v 

E 

Earle,  G.  Harold,  Hermansville,  Michigan  582a 

Eason,  W.  Jeter,  Memphis  12,  Tennessee  2229v 

Eastling,  Harvey  V.,  San  Francisco  24,  California  2044a 
Eatonville  Lumber  Co.,  Tacoma  2,  Washington  75s 

Eckweiler,  Geo.  A.,  Hoosick  Falls  20,  New  York  455a 
Edberg,  Edwin  A.,  Petrolia,  Pennsylvania  2424v 

Edens,  James  B.,  Corrigan,  Texas  2354v 

Edens,  Wiley  R.,  Lumberton,  North  Carolina  2662as 

Efurd,  R.  L.,  Jr.,  Bossier  City,  Louisiana  196dv 

Eggert,  Norbert  J.,  Chicago  14,  Illinois  1302v 

Egund,  Kai  F.,  Copenhagen  K,  Denmark  2712v 

Ehelebe,  Carl,  Milwaukee  22,  Oregon  1366as 

Eisenhauer,  W.  D.,  Hancock,  Vermont  422v 

Eisinger,  Roger  W.,  Bethesda  14,  Maryland  1320a 

Elberson,  T.  W.,  Lafayette,  Louisiana  2351v 

Elkins,  William  A.,  Deadwood,  South  Dakota  2353v 

Ellinger,  Walter  A.,  Sheboygan,  Wisconsin  2122v 

Elljngson,  Sigmund  H.,  Unity,  Oregon  1749v 

Elliott,  Donald  S.,  West  Newton,  Pennsylvania  208v 

Elliott,  Richard  H.,  Indianapolis,  Indiana  1232v 

Ellis,  Arthur  Leanord,  Chicago  9.  Illinois  707a 

Ellis,  D.  E.,  Buffalo  3,  New  York  2626v 

Ellis,  Everett  L.,  Moscow,  Idaho  275v 

Elmendorf,  Armin,  Chicago  6.  Illinois  470v 

Elston,  Judson,  D.,  Chicago  10,  Illinois  683v 

Embree,  H.  S.,  Chicago  9,  Illinois  394v 

England,  Rollo  F.,  Seattle  5,  Washington  1397as 

Entrican,  A.  R.,  Wellington  C-1,  New  Zealand  631v 

Erickson,  Harvey  D.,  Seattle,  Washington  258v 

Erickson,  Lambert  T.,  Toledo  1.  Ohio  434v 

Ericksen,  Leyden  N.,  Berkeley  7,  California  653v 

Ernes*,  L.  F..  New  Albany,  Indiana  4l4v 

Erson,  Roy  J.,  Eveleth,  Minnesota  1953v 

Erson,  Walter  C.,  Fleetwood,  Pennsylvania  1879v 

Ervin,  H.  O.,  Portland  4,  Oregon  2787a 

Espenas,  Leif  D.,  Corvallis,  Oregon  llllv 

Espinosa,  Manuel,  Anaya  Mexico,  D.  F. — Republican  De 
Mexico  2555V 

Esselen,  Gustavus  J.,  Boston  16.  Massachusetts  70v 

Esterer.  Arnulf  K.,  Longview,  Washington  280v 

Etzel,  Edward  F.,  North  Haven,  Connecticut  1129v 

Euler,  Carl,  Cedarburg,  Wisconsin  2318v 

Evancoe.  Eugene  J.,  Renovo,  Pennsylvania  1958v 

Evans,  H.  R.,  Tacoma  4,  Washington  2777a 

Evans,  Joe  T.,  Sylva,  North  Carolina  2675as 

Everest,  D.  C..  Rothschild.  Wisconsin  1109s 

Everett  Piano  Co..  South  Haven,  Michigan  1212s 

Evju,  Robert  T.,  San  Francisco  4,  California  1038v 

Ewan,  A.  J.,  Kendallville,  Indiana  2I91v 


600a' 
1113V 
1323V 
940v 
Victoria. 

91  Ov 
1867V 
2694v 
1195s 
2211V 
1975V 
2201V 
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To  keep  the  name  MAUTZ 
synonymous  with  QUALITY  in  the 
paint  manujacturing  industry 
is  our  constant  endeavor 

MAUTZ  PAINT  AND  VARNISH  COMPANY 
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Branches:  GREEN  BAY,  MILWAUKEE,  KANSAS  CITY,  MINNEAPOLIS 
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fabricius,  Sven,  Lauritsala,  Finland  2660v 

Face,  Glenn  S.,  Seattle  S,  Washington  2080as 

Fader,  A.  L.,  Chicago  6,  Illinois  2133v 

Fagan,  Edward,  New  York  14,  New  York  1655v 

Fahistrom,  Can,  Longview,  Washington  200v 

Fahistrom.  George  B.,  Buffalo,  New  York  344v 

Fahnestock,  Charles  W.,  Lincoln,  Nebraska  1700v 

Faist,  Robert,  Spring  Valley,  New  York  1290v 

Fallon,  Thomas  F.,  New  Haven  4,  Connecticut  915v 

Fanelli,  P.  W.,  New  York  6,  New  York  l682a 


Farber,  Eduard,  Washington  IIL  District  of  Columbia  223v 
Farley,  Eugene  D.,  Portland,  Oregon 
Farlinger,  G.  E.,  Sioux  Lookout,  Ontario 
Farnsworth,  C.  Eugene,  Syracuse  3,  New  York 
Farrier,  Clarence  W.,  Sewickiey,  Pennsylvania 
Faulkner,  M.  C^  Grand  Haven,  Michigan 
Fee,  Creuhton  C.,  Faust,  New  York 
Febren,  K.  B.,  Portland  8,  Oregon 
Febrenbach,  Gustav  J.,  Los  Angeles  34,  California 
Feind,  Gene,  Vienna,  South  Dakota 
Feldman,  Edward  S.,  Los  Angeles  7,  California 
Fellows,  E.  S.,  Calgary,  Alberta,  Canada 
Fellows,  Robert  B.,  Tuscaloosa,  Alabama 
Ferdinand,  Ralph  E.,  Boston  11,  Massachusetts 
Ferguson,  A.  E.,  Los  Angeles  17,  Calitornia 
Ferguson,  Joseph  C.,  Zwolle,  Louisiana 
Ferguson,  T.  H.,  Cleveland,  Ohio 
Ferraris,  Edwin,  Zig  Zag,  Oregon 
Ficbtel,  Willard  V.,  Jamestown,  New  York 
Fidler,  Harry  C.,  Elkins,  West  Virginia 
Fies,  John,  San  Francisco  3,  California 
Files,  Maynard  W.,  Trenton,  New  Jersey 
Fillas,  T.  J.,  Denver,  Comrado 
Finch,  Thomas  A.,  Jr.,  Thomasville,  North  Carolina 
Finn,  Peter  G.,  Detroit  6,  Michigan 
Finnegan,  Joseph  E.,  El  Paso,  Texas 
Fish,  uRoy  F.,  St.  Paul  4,  Minnesota 
Fishnau^,  £.  J.,  Oak  Park,  Illinois 
Fisher,  David  M.,  Raymond,  Washington 
Fiske,  Leon  M.,  Jr.,  Greenfield,  Massachusetts 
Fisken,  Alexander  M.,  Longview,  Washington 
Fisken,  Keith  G.,  Seattle  7,  Washington 
Fitzgibbons,  Thomas  M.,  Meriden,  Connecticut 
Fitzpatrick,  Gerard  J.,  Salamanca,  New  York 
Fitzpatrick,  James  R.,  Chicago  1,  Illinois 
Fitzpatrick,  Lawrence  J.,  Madison  3,  Wisconsin 
Flanagan,  Geor^  C.,  Medford,  Oregon 
Fleener,  Edgar  T.,  Headquarters,  Idaho 
Fleishel,  M.  L.,  Port  St.  Joe,  Florida 
Fleischer,  Herbert  O.,  Madison  3,  Wisconsin 
Fleming,  Tnomas,  Jr.,  Tacoma  1,  Washington 
Fletcher,  A.  G.,  Oakland,  California 
Fluhr,  James  P.  W.,  Holland,  Michigan 
Foley,  Albert  C.,  Paris,  Illinois 
Foley,  Philip  S.,  Pulaski,  Virginia 
Forbes,  F.  Powell,  Newark  72,  New  Jersey 
Ford,  S.  M.,  St.  Paul  1,  Minnesota 
Forest  Products  Treating  Co.,  Portland  3,  Oregon 
Fortier,  Jacques  L.,  New  Orleans  4,  Louisiana 
Foscue,  Henry  A.,  High  Point,  North  Carolina 
Foster,  Howard  S.,  York,  Pennsylvania 
Fox,  Abbott  M.,  Iron  Mountain,  Michigan 
Fox  Brothers  Mfg.  Co.,  St.  Louis  4,  Missouri 
Fox.  C.  W.,  Portland,  Oregon 
Fraden,  Bernard  David,  Chicoutimi,  P.  Q.  Canada 
Franciosi,  Giovanni  F.,  Napoli,  Italy 
Frans,  Per  Gerhard,  Oslo,  Norway 
Frank,  Bernard  K.,  Portland  4,  Oregon 
Frary,  G.  H.,  Jr.,  Stratton,  Maine 
Fraser,  Andrew  F.,  Halifax,  Nova  Scotia 
Fraser.  M.,  Honolulu  4,  Hawaii 
Frashour,  R.  G.,  Adair  Village,  Oregon 
Fraunber^r,  R.  C.,  Philadelphia  34,  Pennsylvania 
Frazier,  W.  R.,  Watsontown,  Pennsylvania 
Freedman,  Gordon  L.,  Charlevoix,  Michigan 
Freeman,  A.  M.,  New  York  17,  New  York 
Freeman,  Dale  D.,  South  Bend  23,  Indiana 
Freeman,  J.  V.,  New  York  6,  New  York 
Freeman,  Robert  B.,  Seattle  3,  Washington 
French,  David  W..  New  Briehcon,  Minnesota 
Frey,  John  M.,  Chicago  3,  Illinois 
Frick  Con^any,  Waynesboro,  Pennsylvania 
Friedlin,  Thomas  H.,  New  York  17.  New  York 
Friedman,  Ernest  J.,  Los  Angeles  12,  California 
Fries,  Karl  W.,  Rhinelander,  Wisconsin 
Frisch,  L.  V.,  St.  Helens,  Oregon 
Fritz.  Emanuel,  Berkeley  4.  California 
Fronse^  P.  J.,  Shakopee,  Minnesota 
Frost,  Emerson  L.,  Pittsford,  Vermont 
Fulcher,  R.  G.,  Sparta,  Tennessee 


Fuller,  J.  Donald,  Seattle  99,  Washington  893v 

Fulling,  Edmund  H.,  New  York  38,  New  York  1834v 
Fulp,  C.  L.,  Kernersville,  North  Carolina  1343v 

Fulweiler,  W.  H.,  Philadelphia  2,  Pennsylvania  908v 
Futrell,  Harold  P.,  Raleigh,  North  Carolina  2666as 

Fyles  &  Rice  Co.,  Inc.,  Bethel,  Vermont  1131s 


G  . 

Gagnon,  Claude  B.,  RobervaL  Quebec  2473a 

Gaiser,  William  J.,  Seattle,  Washington  2639v 

Galber,  Harry,  Seattle  4,  Washington  800v 

Gale,  Ronald,  Brooklyn  33,  New  York  1376as 

Galicia,  Daniel  J.,  Chihuahua,  Mexico  2404a 

Gallagher,  J.  D.,  Philadelphia  7,  Pennsylvania  494v 

Gallagher,  Thos.  P.,  Albuquerque,  New  Mexico  868v 
Gans,  Charles  H.,  Oshkosh,  Wisconsin  2343v 

Gannon,  Richard  J.,  Salamanca,  New  York  2303as 

Gardner,  Wilvan  A.,  Flint  3,  Michigan  1373a 

Garland,  Hereford,  Houghton,  Michigan  83v 

Gariick,  Geo.,  Birmingham,  England  669v 

Garlick,  G.  G.,  Kalamazoo  99,  Michigan  371v 

Garratt,  George  A..  New  Haven  11,  Connecticut  4v 

Garrett,  R.  E.,  Pickford,  Michigan  2l44v 

Gary,  Prem,  Jersey  City  4,  New  Jersey  730v 

Gasch,  R.  ri..  New  York  3,  New  York  472v 

Gast,  George  A.,  Chicago  39,  Illinois  I601v 

Gatslick,  Harold  B.,  Syracuse  10,  New  York  1728v 

Gaudreault,  Maurice,  Quebec  City,  Quebec  2306a 

Gaumann,  Ernst,  Zurich  6,  Switzerland  1211v 

Gay,  Walter  H.,  Memphis,  Tennessee  173v 

Geen,  Henry  C.,  Grand  Rapids  2,  Michigan  2179v 

Gentes,  F.  H.,  San  Francisco  4,  California  2803v 

Geohegan,  Kenneth  P.,  Dayton  7,  Ohio  136lv 

Gepford,  T.  M.,  Tacoma  2,  Washington  1323v 

Gerber,  Elmer  A.,  Sheboygan  Falls.  Wisconsin  l677v 

Gerfin,  Robert  M.,  Westernport,  Maryland  209v 

Gerhardt,  H.  O.,  Chicago  8,  Illinois  1304s 

Gerhardt,  W.  J.,  Cincinnati  32,  Ohio  1343v 

Gerry,  Eloise,  Madison  3,  Wisconsin  379v 

Getz,  W.  Linton,  Elkins  Park  17,  Pennsylvania  334v 

Gevisser,  David  J.,  Durban,  Union  of  South  Africa  2416v 
Gilbreath,  R.  I.,  San  Francisco  7,  California  2722v 

Giles,  J.  Laurent,  Lymington,  Hanmshire,  England  1379v 
Gilkey,  James  L.,  Forest  Grove,  Oregon  1394v 

Gill,  Robert  C.,  Gowanda,  New  York  2402as 

Gill,  Thomas  G.,  Arlington,  Virginia  42v 

Gillespie,  J.  Stokes,  Detroit,  Michigan  1337v 

Gillet,  Paul,  Hamme,  Belgium  _  _  1331v 

Gillmor,  A.  H.,  Kamloops,  British  Columbia  l443v 

Gilman,  Raymond  C.,  Jr.,  Syracuse  10,  New  York  1483as 
Giliiiont,  Paul  L.,  Crossett,  Arkansas  2746v 

Gilmore,  Eugene  W.,  Jr.,  New  York  17,  New  York  1832v 
Ginsburg,  Stanley  T.,  Oshkosh,  Wisconsin  2171v 

Gips,  F.  B.  J.,  The  Hague,  Holland  863v 

Gittings,  W.  L.,  Racine,  Wisconsin  2374v 

Gividen,  John  H.,  Bierne,  Indiana  107v 

Glabau,  William  E.,  New  Britain,  Connecticut  1391as 

Glaze,  Roland  A.,  St.  Paul  1,  Minnesota  630v 

Gloss,  Ralph  H.,  Washington  6,  District  of.  Columbia  224v 
Godin,  Gilbert,  Syracuse  10,  New  York  2600a 

Godwin,  Davis  R.,  Raleigh,  North  Carolina  1833as 

Goebel,  H.  M.,  Hutchinson,  Minnesota  2474v 

Goldman,  Paul  R.,  Lawrence,  Massachusetts  2836v 

Goldring,  Ira,  Las  Vegas,  Nevada  I637v 

Goll,  Milton,  Elizabeth  F,  New  Jersey  336v 

Goodney,  Robert  F.,  Spartanburg,  South  Carolina  236lv 
Goodwin,  F.  D.,  Shreveport,  I^uisiana  1802v 

Goos,  Arthur  W.,  Marquette,  Michigan  36v 

Gordon,  Aaron,  Berkeley,  California  922v 

Gordon,  Alan,  Victoria,  Australia  701v 

Gordon,  J.  L.,  Lexington.  North  Carolina  I233v 

Gordon,  Seth,  Jr.,  Blacksburg,  Virginia  2009v 

Gottschalk,  Fred  W.,  Chicago  4,  Illinois  5v 

Gough,  George  H.,  Jr.,  Portland  10,  Oregon  2273a 

Gould,  James  A.,  Ivoryton,  Connecticut  2338v 

Gould,  Mark  I.,  Los  Angeles  38,  California  2823v 

Gould  Roy  A.,  Glenwood,  Oregon  1280v 

Grace,  G.,  Chicago,  Illinois  1221s 

Graham,  Paul  H..  Manchester,  New  Hampshire  242v 

Graham,  Robert  D.,  Corvallis,  Oregon  639v 

Granson,  John  E.,  Ames,  Iowa  718v 

Grant,  B.  F.,  Athens,  Georgia  1704v 

Grant,  Jack  E.,  Jewell,  Oregon  2002v 

Grant,  John  H.,  Jr.,  Portland  3,  Maine  1896v 

Grant,  John  W.,  North  Syracuse,  New  York  2639v 

Grantham,  John  B.,  Corvallis,  Oregon  188v 

Grass,  Hugo  L.,  Manchester,  New  Hampshire  231v 

Gravenhorst,  J.  W.,  Effingham,  Illinois  2313v 

Graves,  G.  W.,  Lyon  Mountain,  New  York  1296v 


1031V 

1643a 

1899V 

313v 

899v 

2647a; 

1396v 

609v 

2318as 

2732V 

697v 

244v 

1168v 

41v 

2687V 

1042V 

2232V 

2038v 

1116a 

27l6v 

1384v 

1741V 

1680s 

2364v 

2247V 

24l4as 

9Mv 

1344v 

I693v 

2736v 

1742V 

1870V 

2366v 

1373a 

484v 

247V 

I486as 

2436v 

I419v 

148v 

2747V 

I424as 

362v 

1378V 

72v 

1381v 

1193s 

2403a 

1652V 

596v 

I45v 

1075s 

1050V 

6l2v 

1407V 

583v 

1897V 

1722a 

2541V 

1019a 

2784as 

446v 

2553V 

818v 

345v 

2033V 

1522s 

2410as 

1369as 

1056v 

1467s 

399v 

2646v 

179v 

2181V 

51v 

2470V 

1368as 

1686v 
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KETCHIKAN 
SPRUCE  MILLS 

SITKA  SPRUCE 
WESTERN  HEMLOCK 

♦♦♦ 

MILL  AT 

Ketchikan,  Alaska 

ALASKA  YARDS 

Anchorage 

Fairbanks 

Ketchikan 

Palmer 
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Great  Lakes  Lumber  &  Shipping,  Ltd.,  Fort  William, 
Ontario  16;0s 

Green,  Burdett,  Chicago  11,  Illinois  988v 

Green,  Frederick  W.,  South  Norwalk,  Connecticut  284v 
Green,  Russell  W.,  Batesville,  Indiana  1198v 

Greene,  David  H.,  Otsego,  Michigan  1448v 

Greenlee  Tool  Co.,  Rockford,  Illinois  1175s 

Greenwald,  J.  A.,  Jr.,  Tampa  9,  Florida  1725v 

Greenwood,  Richard  N.,  Gardner,  Massachusetts  1204s 
Gremmel,  G.  Douglas,  Roseburg,  Oregon  1523as 

Grenning,  Victor,  Brisbane,  Australia  734v 

Gretsch,  Fred,  Jr.,  Brooklyn,  New  York  855v 

Griffin,  Thomas  S.,  Elizabeth  City.  North  Carolina  2708v 
Griffith,  John  E.,  Jackson,  Mississippi  2512v 

Griffith,  Luther  O.,  Huntington,  West  Virginia  1308v 
Grimm.  Donald  C.,  Rockville  Centre,  New  York  l640as 
Grindell,  Charles  William,  Strand,  London,  W.  C.  2, 
England  872v 

Grinder,  H.,  Devon,  England  874v 

Groncki,  Adolph  R.,  Rockford,  Illinois  1586v 

Grondal,  Bror  L.,  Seattle,  Washington  6v 

Gross,  Edward  A.,  Oakland  8,  California  505v 

Grout,  Gardner  K.,  Pasadena  1,  California  1444a 

Grove,  Joseph  O.,  Glenwood,  Minnesota  1882a 

Gruhl,  Arthur  E.,  Tacoma  2,  Washington  1594v 

Gruitch,  J.  M.,  New  York  8.  New  York  1891v 

Guenther,  Kenneth  W.,  Seattle,  Washington  2526as 

Guernsey,  Frederick  W.,  Vancouver,  British  Columbia, 
Canada  839v 

Guest,  E.  H.,  New  Rochelle,  New  York  2074v 

Guest.  Peter  F.,  Syracuse  10,  New  York  2075as 

Guiher,  John  K.,  East  Lansing.  Michigan  1978v 

Guillow,  Paul  K.,  Wakefield,  Massachusetts  2138v 

Gullicksen,  W.  A.,  Chicago  47,  Illinois  l48v 

Gulowsen,  Karl  Th.,  Oslo,  Norway  1023a 

Gunnison  Homes,  Inc.,  New  Albany,  Indiana  1132s 

Gurd.  J.  M.,  New  Westminster,  British  Columbia  847v 
Gurvitch,  Joseph  E.,  Sprin^held,  Massachusetts  806v 

Gustafson,  Charles  R.,  Louisville  8,  Kentucky  416a 

Gustin,  Harold  E.,  Ruston,  Louisiana  981v 

Guttentag,  William  H..  La  Tuque,  Quebec  2132v 

Gyourko,  Joseph  E.,  Cincinnati  14.  Ohio  2689v 


H 


Haack,  Lyle  C.,  Chicago,  Illinois  449v 

Haber,  Harvey,  Brooklyn,  New  York  1363as 

Hackett,  GeoKC  R.,  Vancouver,  British  Columbia  201v 

Haff,  E.  C.,  Orangeburg,  South  Carolina  598v 

Hagadorn,  Elmore  W.,  Syracuse  4,  New  York  26l0v 
Hageman,  Gorden  F.,  Chicago  7,  Illinois  1088v 

Hagen,  Owen,  Stockton,  California  l460v 

Hagerty,  Francis,  Cohasset,  Massachusetts  I681v 

Hahn,  Palmer,  St.  Louis  12,  Missouri  2710a 

Haigh,  Arthur  H.,  Jr.,  Radburn,  New  Jersey  2447v 

Haislet,  John  A.,  Athens,  Georgia  2005as 

Halbertsma,  P.  G.,  Grouw,  Fr.,  Holland  2759a 

Hale,  Malcolm  M.,  Raleigh,  North  Carolina  2684v 

Hale,  Richard  A.,  II,  Lisbon  Falls.  Maine  240a 

Hall,  Dr.  Horace,  Chattanooga  10,  Tennessee  802v 

Hall,  J.  Alfred,  Portland  5,  Oregon  746v 

Hall.  John  W.  G.,  Vancouver,  British  Columbia  2584as 
Hall,  la}ren.  Diamond  ^ring,  California  1989v 

Hallonquist,  Earl  G.,  North  Vancouver,  British  Columbia, 

117v 

Hallsted,  Clint,  San  Francisco,  California  538v 

Halme,  Glenn,  Seattle  5,  Washington  2484as 

Halsted,  I.  L.,  Sr.,  Jeannette,  Pennsylvania  1294v 

Halsted,  Irving  L.,  Scottdale,  Pennsylvania  1283v 

Hamburg,  John  G.,  Carrollton,  Kentucky  2480v 

Hamilton,  James  F.,  Ellicottville,  New  York  7v 

Hamilton,  Orrie  W.,  Los  Angeles  14,  California  62v 

Hamlen,  J.  H.,  Little  Rock,  Arkansas  I876v 

Hamm,  Philip  C.,  Kansas  City,  Missouri  460v 

Hammond  Lumber  Co.,  Los  Angeles  54,  California  1179s 
Hammond,  Richard  N.,  Longview,  Washington  8v 

Hamrick,  M.  A.,  Pittsburgh  19,  Pennsylvania  487v 

Hanaburgh,  David  H.,  Buchanan,  New  York  1785v 

Hanchett,  Charles  L.,  Wabash,  Indiana  1071v 

Hanchett,  Kent,  Big  Rapids,  Michigan  204 la 

Hancock,  C.  P^  Grand  Rapids,  Michigan  1546v 

Hanes,  F.  M.,  Conroe,  Texas  454v 

Hankerson,  F.  P.,  St.  Louis  2,  Missouri  882v 

Hanley,  William  M.,  Seattle  5,  Washington  1777as 

Hanranan,  Frank,  J.,  Washington  16,  District  of  Columbia 

4l3v 

Hansen,  Clifford  B.,  Burnie,  Tasmania,  Australia  1126v 

Hansen,  Merlin  T.,  Sydney,  N.S.W.  Australia  274lv 

Hansen,  Ray  C.,  Portland  3.  Oregon  700v 

Hansen,  Robert  A.,  Ames,  Iowa  I808as 

Hanson,  Robert  N.,  Silverton,  Oregon  2644as 


Harding,  H.  H.,  Eureka,  California  1952v 

Harding,  Lester  J.,  Bradwood,  Oregon  l402v 

Hardtner,  Q.  T.,  Urania,  Louisiana  133v 

Harper,  William  R.,  Chicago  4,  Illinois  781v 

Harrar,  Ellwood  S.,  Durham,  North  Carolina  521v 

Harris,  Arthur  B.,  Jr.,  Bethel,  Connecticut  2103v 

Harris,  Elwin  E.,  Madison  5,  Wisconsin  180v 

Harris,  Glen  P.,  London.  England  77v 

Harris,  Stanley  L.,  British  Columbia  1748v 

Harshman,  L.  Raymond,  Memphis,  Tennessee  2090a 

Hart,  Floyd,  Medford,  Oregon  1753v 

Hartley,  Carl,  Beltsville,  Maryland  423v 

Hartman,  George  B.,  Ames,  Iowa  776v 

Harwood,  Philip,  Cheshire,  England  l473v 

Haske,  C.  Alan,  Mt.  Harris,  Colorado  2517as 

Haskins,  J.  F.,  Canton,  Mississippi  1544v 

Haston,  N.  B.,  Fort  Payne,  Alabama  2004a 

Hatchard,  D.  G.,  Baltimore  3.  Maryland  1860a 

Hatfield,  Ira,  St.  Louis  4,  Missouri  552s 

Hauck.  George  T.,  Jr.,  Cortland.  New  York  1996as 

Hawkinson,  A.  H.,  Rockford,  Illinois  1175s 

Hawryiow,  Martin,  Oshkosh.  Wisconsin  481v 

Haynes,  D.  L.,  Sandpoint,  Idaho  989v 

Haynes,  William  V.,  Boston  18,  Massachusetts  1032v 

Hayward,  Phillips  A.,  Louisville  2,  Kentucky  2073v 

Healy,  J.  M.,  Redmond,  Oregon  20l4v 

Healy,  william  A.,  Jr.,  Portland  1,  Oregon  2420v 

Hedhlom,  Richard  P.,  Gloucester,  Massachusetts  I664v 
Heebink,  Bruce  G.,  Middleton,  Wisconsin  262v 

Heid,  Fred  J.,  Rockford,  Illinois  2550v 

Heidemann,  Charles  D.,  Chicago  1,  Illinois  I6llv 

Heiks,  Ray  E.,  Columbus,  Ohio  576v 

Heinonen,  Eino,  Buenos  Aires,  Argentina  1021a 

Heitert,  Gilbert  L.,  St.  Louis  5,  Missouri  1103v 

Heller,  Emanuel,  Syracuse  10,  New  York  1930as 

Heller,  Paul,  New  Westminster,  British  Columbia  i973v 
Helm,  John  J.,  Portland  4,  Oregon  1181s 

Hemming,  Charles  B.,  New  York  18,  New  York  9v 

Henderson,  Frank  Y.,  Bucks.  E^land  2498v 

Henderson,  George  H.,  Lufkin,  Texas  2349v 

Henderson,  Hiram  L.,  Syracuse  3,  New  York  1935v 

Henderson,  W.  W.,  Cleveland  14,  Ohio  1890v 

Hennessy,  J.  P.,  McCloud,  California  1755v 

Henning,  Norman  E.,  St.  Paul  4,  Minnesota  I4l8v 

Henry,  Charles  S.,  Madison,  New  Jersey  1311v 

Henze,  Walter  A.,  Iron  Mountain,  Michigan  1257a 

Heppenstall,  T.  E.,  Longview,  Washington  44v 

Heritage,  Clark  C.,  Tacoma,  Washington  525v 

Herman,  C.  H.,  Medford,  Oregon  1389as 

Herrity,  George  F.,  Waco,  Texas  2581v 

Hersh,  Jerre  F.,  Jr.,  Shawnee,  Kansas  23l6as 

Hertner,  W.,  Pratteln,  Switzerland  1006v 

Hertzler,  Richard  A.,  Asheville,  North  Carolina  626v 
Herweg,  William  J.,  Chicago  35,  Illinois  1855v 

Hess,  T.  I.,  Portland  5,  Oregon  464v 

Hess,  Robert  W..  New  Haven  11,  Connecticut  1800v 

Hewett,  P.  S.,  Detroit  20,  Michigan  296v 

Heyder,  Carl,  Cornell,  Wisconsin  2547v 

Heywood-Wakelield  Co.,  Gardner,  Massachusetts  1204s 
Hicks,  P.  R.,  Chicago  2,  Illinois  486v 

Hickson,  H.  E.,  Yorkshire.  England  644v 

Hicock,  Henry  W.,  New  Haven,  Connecticut  270v 

Higgins,  Andrew,  New  Orleans  17.  Louisiana  2343v 

Higgins,  Roland  C.,  Station  G,  New  Orleans,  Louisiana 

1351V 

Hilborn,  P.  R.,  Preston,  Ontario  2235v 

Hilhnger,  George  N.,  Brooklyn,  New  York  428v 

Hill,  Harold  S.,  Kenogami,  Quebec  291v 

Hill,  John  L.,  New  Haven  11,  Connecticut  I708as 

Hill,  Kimball,  Des  Plaines,  Illinois  I052v 

Hill,  Robert  F.,  Springfield.  Massachusetts  1723v 

Hiller,  Robert  F.,  roxboro,  Massachusetts  865v 

Hiller,  Robert  L.,  Hartland,  Wisconsin  155v 

Hillgrove,  James  R.,  Jr.,  Sacramento,  California  1885v 
Hillman,  Victor  E.,  Worcester  1,  Massachusetts  2449v 
Hilrich,  Max,  Long  Island  City  1,  New  York  82v 

Hilton,  O.,  Warren,  Arkansas  63v 

Edward  Hines  Lumber  Co.,  Chicago  8,  Illinois  I304s 

Hinken,  Edward  W.,  Ann  Arbor,  Michigan  2587as 

Hirschkind,  Dr.  W.,  Pittsburgh,  California  792v 

Hobbs,  Guy  T.,  Dallastown,  Pennsylvania  1356v 

Hobbs,  Milton  E.,  Raleigh,  North  Carolina  2457as 

Hodgson,  James  G..  Fort  Collins,  Colorado  2726a 

Hoener,  Edgar  P.,  Portland  5,  Oregon  347v 

Hoeper,  Mark,  Rockford,  Illinois  1803a 

Hoerner,  Fred  A.,  Chicago  6,  Illinois  I254v 

Hoffman,  Charles  H.,  Washington  19,  District  of  Columbia 

225v 

Hoge,  William  H.,  Columbus,  Ohio  I495as 

Holcombe,  Robert  A.,  Washington  19,  District  of  Columbia 

226v 

Holden,  James  M.,  Corvallis.  Oregon  l670as 

Hollett,  R.  E.,  Des  Moines  9,  Iowa  350v 
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Replace  defects  in  wood  with  .  .  . 

PLASTO-FIL 

WOOD  PLASTIC 

Save  wood  that  would  be  waste 

Plasto-Fil — the  revolutionary  wood  base  Plasto-Fil  can  be  shaped,  planed,  sanded 
plastic  that  becomes  real  wood — is  and  drilled,  is  water-proof  and  crack 
beinK  used  in  increasing  quantities  by  proof.  Plasto-Fil  is  available  in  differ- 
wood  manufacturing  industries.  Patch-  ent  consistencies  for  varying  applica- 
ing  and  filling  defects  such  as  knot  tions  and  in  colors  to  match  all  woods, 
holes,  splits,  pitch  pockets,  etc.  can  be  Several  types  and  sizes  of  automatic 
easily  and  economically  accomplished  applicators  are  available.  Write  for  full 
with  Plasto-Fil  material  and  methods.  data. 

DISTRIBUTED  BY 

WALL-LUNDBERG  &  CO. 

961  NORTH  LORING  STREET  •  PORTLAND,  ORE.  WEb(t«r  0507 


HYDRAUUC  PRESSES 
GLUE  SPREADERS 
GLUE  MIXERS 

ALL  SIZES— ALL  PURPOSES 


CHAS.  E.  FRANCIS  CO. 

HUNTINGTON,  INDIANA 

Glue  Room  Specialists  Since  1880 


AMERICAN  PLYWOOD 
CORPORATION 

NEW  LONDON,  WISCONSIN 


Manufacturers  of 
New  Londoner  Hollow 
Core  Doors 
and 

Plywood  Products 
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Holmberg,  LeRoy  A.,  Amory,  Mississippi  1988v 

Holmes,  Carlton  A.,  Duluth  3,  Minnesota  1331as 

Holmes,  David  O.,  Kendallville.  Indiana  1237v 

Holmes,  Paul  N.,  Loi^iew,  Washington  lOOOv 

Holt  Hardwood  Co.,  Oconto,  Wisconsin  1134s 

Holt,  R^inald  W.,  New  York  17,  New  York  1711v 

Holter,  Edwin  O.,  Jr.,  San  Francisco  4,  California  1098a 
Holzer,  W.  F.,  Camas,  Washington  930v 

Honeywill,  Ransom  P.,  Pittsburgh  6,  Pennsylvania  1918v 
Hood,  A.  B.,  Anderson,  California  190Sv 

Hood,  George  W.,  Detroit  4,  Michigan  I4l2v 

Hooker,  Leland  W.,  Houghton,  Michigan  2194v 

Hopkins,  Robert  P.,  Philadelphia  37,  Pennsylvania  174v 
Horn,  Stanley  F.,  Jr.,  Nashville  3,  Tennessee  2185v 

Horne,  Gerard  F.,  Adair  Village,  Oregon  2226as 

Horner,  Arthur  C.,  San  Francisco  18.  California  402v 

Horner,  Douglas  T.,  Fayetteville,  North  Carolina  2268v 

Horner,  John  S.,  Dollar  Bay,  Michigan  672 v 

Horton,  Henry  F.,  Menominee,  Michigan  1525v 

Hosmer,  W.  Arold,  Boston  63,  Massachusetts  1929v 

Hough,  Albert  R.,  Janesville,  Wisconsin  I469v 

Hough,  H.  J.,  Blaine,  Washington  1961v 

Hough,  Walker  B.,  Milwaukee  2,  Wisconsin  1184v 

House,  William  P.,  Chesham,  New  Hampshire  1943v 

Houtzagers,  G.,  Wageningen,  Holland  1981v 

Howard,  Theron,  Peoria  1,  Illinois  1017a 

Hoyle,  Raymond  J..  Syracuse  10.  New  York  2602v 

Hoyle,  Robert  J.,  Syracuse  10.  New  York  2827as 

Hoyt,  Warren  t.,  Los  Angeles  17,  California  329v 

Hribar,  V.  F.,  Chicago  4.  Illinois  I13v 

Hrubesky,  C.  E.,  Madison  3,  Wisconsin  796v 

Huber,  Albert,  Ridgefield  Park,  New  Jersey  2724a 

Hubert,  Ernest  E.,  Moscow,  Idaho  1302v 

Huckins,  Stuart,  East  Boston,  Massachusetts  7Iv 

Hudgins,  Horace  C.,  Raleigh,  North  Carolina  2487as 

Hudson,  C.  D.,  Washington  6.  District  of  Columbia  834v 
Hudson,  John  L..  Jr.,  Rochester,  New  York  I428as 

Hudson.  Monie  S.,  Spartanburg.  South  Carolina  128v 
Huffman,  Jacob  B.,  Durham.  North  Carolina  1397v 

Hughes,  Fred.  Sacramento,  California  1760v 

Hughes,  S.  Ward,  Philadelphia  36,  Pennsylvania  1273v 

William  Hulbert  Mill  Co.,  Everett,  Washington  1136s 

Hulbert,  W.  G.,  Everett,  Washington  1136s 

Hull,  Gerald  P.,  Tu^er  Lake,  New  York  1497s 

Humphrey,  Merwin  W.,  State  College,  Pennsylvania  1303a 
Hungerford,  Frank,  Memphis,  Tennessee  2688v 

Hunt,  George  M..  Madison  3,  Wisconsin  lOv 

Hunt,  Stuart  S.,  Chelmsford,  Massachusetts  2013v 

Hunter,  Lewis  T.,  Newbern,  North  Carolina  2683as 

Hupfel,  W.  M.,  Providence  8,  Rhode  Island  2764v 

Hursey,  Paul  F..  Jasper,  Texas  2282v 

Hussey,  Frederick  K.,  Jr.,  Bangor,  Maine  2697as 

Hutchinson,  Milon  J.,  Sussex,  Wisconsin  I44las 

Huth,  G.  A.,  Jackson,  Mississippi  l639v 

Hyatt,  Marx,  Albany,  Oregon  1141v 


I 

Imrie,  James  B.,  Grand  Rapids  2,  Michigan  820v 

Imrie,  James  E.,  Grand  Rapids  2,  Michigan  819v 

Ingalls,  H.  E,,  New  York,  New  York  673a 

Ingersoll,  Richard  H.,  Rochester,  New  York  1363v 

Ingoldsby,  Brian  J.,  Tacoma,  Washington  326v 

Irion,  Clarence  E.,  Bennington,  Vermont  l60v 

Irvin,  D.  B.,  Liverpool  20,  England  839v 

Irwin,  Walter,  Columbus,  Ohio  1873a 

Isenberg,  Irving  H.,  Appleton,  Wisconsin  313v 

Isherwood,  Eric  Wadsworth,  Wem.  Shropshire,  England 

2033V 

Ivory,  E.  P.,  Dinuba,  California  1223s 

Ivory  Pine  Co.  of  California,  Dinuba,  California  1223s 

J 

Jackson,  Ronald,  Equatorial  A.  E.,  Sudan  1638v 

Jacob,  G.  R.,  Chester,  England  837v 

Jacobs,  Hadley,  Chattanooga,  Tennessee  1964v 

Jacobs,  Lee  S.,  Buffalo  2.  New  York  l423v 

Jacobson,  Bernard,  Loomis,  California  2017v 

Jacobson,  Ira.  Blacksburg,  Virginia  l472as 

Jacobson,  S.  P.,  Muskegon,  Michigan  1888v 

Jacobson.  Thomas  H.,  Roseburg,  Oregon  1994as 

lahn,  Edwin  C.,  Syracuse  10,  New  York  2^1  v 

James,  Bill  N.,  Vpsilanti,  Michigan  1338as 

James,  Morton  S.,  Tacoma  6,  Washington  2029as 

Jander,  John,  Holland,  Michigan  2202v 

Janson,  Jan  Erik,  Stockholm,  Sweden  2I03v 

Jansson,  Hannes  A.,  Saynatsalo,  Finland  2163v 

Jefferson,  Herbert  iF.,  Seattle  14.  Washington  I633v 

Jeffries,  Thomas  F,.,  St.  Clair,  Michigan  1279v 


Jenkins,  Eliot  H.,  Eugene,  Oregon  318v 

Jenkins,  John  Henry,  Ottawa.  Ontario  2310v 

Jenner,  R.  W.,  Marquette,  Michigan  1236v 

Jensen,  C.  T.,  Minneapolis,  Minnesota  339v 

Jeter,  Charles  H.,  Shreveport,  Louisiana  971v 

jimerson,  W.  C.,  Corvallis,  Oregon  2799as 

ohanson,  A.  G.,  Tacoma  2.  Washington  2797v 

John,  E.  T.,  Spring  Park,  Minnesota  1244v 

Johnson  &  Carlson,  Chicago  22,  Illinois  1319s 

Johnson,  A.  E.,  Chicago  6,  Illinois  36la 

Johnson,  C.  R.,  Minneapolis  12,  Minnesota  2230s 

Johnson,  Claude  W.,  New  York  20,  New  York  1387v 

Johnson,  Dalton  D.,  Jr.,  Corvallis,  Oregon  1332as 

Johnson,  E.  Sigurd.  Raleigh,  North  Carolina  303v 

Johnson,  Fred  I.,  Sheboygan,  Wisconsin  I620v 

Johnson,  George  T.,  New  Westminster,  British  Columbia 

1930V 

Johnson.  Gladys  E.,  Tacoma  3,  Washington  1443a 

Johnson,  James  E.,  Grand  Rapids,  Minnesota  1887v 

Johnson,  Percy  A.,  Los  Angeles  11,  California  2160v 

Johnson,  R.  W.,  Chicago  13.  Illinois  646v 

Johnson,  Ralph  S.,  Liverpool,  Nova  Scotia  389v 

Johnson,  Robert  B.,  Wilmington,  North  Carolina  1312v 

J  Johnston,  D.  R.,  Netherton,  Liverpool  10,  England  843v 
Johnston,  R.  N.,  Toronto,  Ontario  20v 

oiner,  W.  L.,  Jr.,  Griffin,  Georgia  1720v 

oily,  William  W.,  Norris,  Tennessee  826v 

Jones,  Douglas,  Quebec  1031v 

Jones,  H.  Morton,  Buffalo  9.  New  York  l634v 

Jones,  Harold  W.,  Los  Angeles  21,  California  2233v 

Jones,  M.  G.,  Beatrice,  Nebraska  1018v 

Jones,  Robert  E.,  Spokane,  Washington  1968v 

Jones,  S.  O.,  Tulsa,  Oklahoma  862v 

Jones,  Wade  T.,  Raleigh,  North  Carolina  2671as 

Jones,  Wilbur,  High  Point,  North  Carolina  2853v 

Jordan,  Donaid  L.,  Roanoke,  Virginia  1007v 

Jorgensen,  Lloyd  A.,  Hermosa  Beach,  California  1733v 
Jorgensen,  Richard  N.,  West  Haven,  Connecticut  2097as 
Joseph,  Alan  H.,  Chicago  23,  Illinois  783v 

Joseph,  Henry  G.,  Sheibyville,  Indiana  2343v 

Juer,  Frederick,  Dolgeville,  New  York  2396v 

Juola,  Arne  W.,  Chicago  9.  Illinois  368v 


Justice,  J.  E.,  Jr.,  North  Wilkeshoro,  North  Carolina  1319a 


K 


Kable,  Robert  R.,  Mount  Morris,  Illinois 

Kade,  Max,  Wuerttemberg,  Germany,  U.  S.  Zone 

Kahan,  Herbert,  Port  Chester,  New  York 

Kaihorn,  W.  H.,  Metamora,  Illinois 

Kamesam,  S.,  Bangalore,  India 

Kampenga,  Nelis  R.,  Stevens  Point,  Wisconsin 

Kapian,  Sol  R.,  Brooklyn  32,  New  York 

Karges,  Edwin  F.,  Evansville  7,  Indiana 

Kataia,  Taisto  M.,  Filer  City,  Michigan 

Karlen,  G.  E.,  Tacoma,  Washington  > 

Karsten,  Kenneth  S.,  New  York  17,  New  York 

Kato,  H.  Y.,  Portland  9.  Oregon 

Katz,  Henry  B.,  East  Orange,  New  Jersey 

Kaufert,  Frank  H.,  St.  Paul  1,  Minnesota 

Kearns,  James  L.,  Portland  16,  Oregon 

Keely,  Hal,  Pittsburgh,  Pennsylvania 

Kehoe,  H.  B.,  Chicago  2,  Illinois 

Keig,  J.  R.,  Beaumont,  Texas 

Keith,  L.  P.,  Chicago  3.  Illinois 

Keller,  Ralph,  Ridgefield,  New  Jersey 

Keller,  William  H.,  Corydon,  Indiana 

Kelley,  James  D.,  Caledonia,  Illinois 

Kellogg,  L.  D.,  Alexandria  4,  Louisiana 

Kelly,  Jack  E.,  Durham,  North  Carolina 

Kelly,  John  E.,  Portland  3,  Oregon 

Kemp,  Arne  K.,  St.  Paul,  Minnesota 

Kenaga,  Duane  L.,  Birmingham  3,  Alabama 

Kendrick,  John  W.,  Chicago  38,  Illinois 

Kennedy,  Paul  T.,  Seattle  33,  Washington 

Kephart,  G.  S.,  Washington  23,  District  of  Columbia 

Kerr,  Archibald  S.,  Victoria,  British  Columbia 

Kesarcodi,  S.  N.,  Poona  7,  India 

Ketchie,  Junius  M.,  Charlotte,  North  Carolina 

Ketchikan  ^ruce.  Mills,  Ketchikan,  Alaska 

Ketchum,  Verne,  Portland,  Oregon 

Key,  Kerford  Aldin,  Raleigh,  North  Carolina 

Kielisch,  Carl,  Milwaukee  4,  Wisconsin 

Kilgore,  W.  Elbert,  Jasper,  Alabama 

Killebrew,  John  C.,  Madison  3,  Wisconsin 

Kilpatrick,  Norman  L.,  Iowa  City,  Iowa 

Kim,  Yung  Soo,  Ann  Arbor,  Michigan 

Kimball,  W.  W.,  Chicuo  8,  Illinois 

Kimbell,  Richard  G.,  Chevy  Chase,  Maryland 

Kindel,  Charles,  Grand  Rapids,  Michigan 

Kinder,  Marion  T.,  Indianapolis,  Indiana 


2331a 

2384a 

2676as 

2219V 

1342V 

2223a 

1298V 

1300V 

2748V 

75s 

2804v 

1883a 

2371V 

49v 

2612V 

1080V 

286v 

370v 

283v 

2443V 

1528V 

2019as 

2408v 

2083as 

1533as 

I688as 

1122V 

1119V 

1731as 

2575V 

6l5v 

602v 

2499V 

1215s 

321v 

2822as 

2532V 

2382V 


2319as 

1055a 

120v 

387v 

1810as 
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OREGON  LUMBER  COMPANY 

LUMBER  MANUFACTURERS 


Mcmulacturers  of  Pine  Specialties  from  “JOHN  DAY" 
Ponderosa  Pine.  Structural  Timbers  and  Fir  Products 
from  ^'MT.  HOOD"  Douglas  Fir. 


PINE  OFFICE  AT  BAKER  OREGON 
FIR  OFFICE  AT  DEE  OREGON 


GORDON  VENEER 
COMPANY 

Manufacturers 

single  ply  rotary  cut  Poplar  and 
Gum  Veneers. 

LEXINGTON, 

NORTH  CAROLINA 


SITKA  SPRUCE  LUMBER 
AND  MFG.  CO. 

Manufacturers  of 
WOOD  PRODUCTS 

★  STORE  FIXTURES  ★  BOAT  STOCK 

★  AIRPLANE  PARTS  ★  PIANO  STOCK 

★  MILL  WORK  ★  LADDER  STOCK 

★  BEVEL  SIDING  ★  KILN  DRYING 

—  Carload  Quantities  — 

Lumber,  Ponderosa  Pine,  Hemlock, 
Douglas  Fir,  Sitka  Spruce, 
Plywood 

Write,  wire  or  phone  us  your 
requirements. 

Sitka  Spruce  Lumber  and  M^.  Co. 

PLANT  and  YARD 

2SOO  Genesee  P.  O.  Bt^x  29' 

Phone  GR.  0294-0295 

KANSAS  CITY.  8,  MISSOURI 
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Kindig,  Roy  C..  State  College,  Pennsylvania  26}6as 

King,  Arthur  W..  Duluth,  Minnesota  2481v 

King,  Bernard  W.,  Beatrice,  Nebraska  10}6v 

King,  J.  W.,  Ontario,  Canada  2811v 

King,  Woodrow  W.,  Lufkin,  Texas  I362v 

Kingery,  Hugh  M.,  Kirkwood  22,  Missouri  2838a 

Kinney,  C.  W.,  Manning,  Iowa  2129v 

Kinney,  W.  A.,  Oakland  3,  California  563v 

The  Kirk  &  Blum  Mfg.  Co.,  Cincinnati  23,  Ohio  1133s 

Kirkpatrick,  Edward  I.,  Milwaukee,  Oregon  1983as 

Kirnak,  Alex,  Lee's  Camp,  Oregon  2339v 

Kistler,  L.  W.,  St.  Louis  1,  Missouri  816v 

Kitazawa,  George,  Syracuse,  New  York  491v 

Kittell,  Noel  E.,  Franklin  Park,  Illinois  949v 

Kiesnor,  Walter  C.,  Chicago  6,  Illinois  233v 

Kline,  Harry,  Detroit  20,  Michigan  803v 

Kline,  L.  V.,  Norris,  Tennessee  2134v 

Kline,  Mason  E.,  San  Francisco,  California  380v 

Kling,  John  F.,  Long  Island  City  3,  New  York  2039as 

Klinkenstein,  G.,  Newark  4,  New  Jersey  873v 

Kluender,  William  A.,  St.  Paul  1,  Minnesota  877v 

Knapp,  Chas.  H.,  Los  Angeles  34,  California  2379v 

Knapp,  F.  Malcolm,  Vancouver,  British  Columbia  840v 
Knapp,  Walter  E.,  Monroe,  Louisiana  2099v 

Knauss,  A.  C.,  Portland,  Oregon  713v 

Knies,  Victor  j..  Grand  Rapids  2,  Michigan  2204as 

Knott,  O.  B.,  Noble,  Louisiana  2283v 

Knourek,  W.  V.,  Chicago  6,  Illinois  1069a 

Knox,  John  J.,  New  York  18,  New  York  l683v 

Knutson,  Russell  G.,  Laurel,  Mississippi  1933v 

Koch.  Daniel  F.,  Durham,  North  Carolina  2771as 

Koehler,  Arthur,  Los  Angeles  16,  California  109v 

Koenig,  Paul  H..  Williamsport  63,  Pennsylvania  2177as 

Koepp,  Walter  H.,  Houghton,  Michigan  680v 

Koh,  Ming  Yu,  Seattle  3,  Washington  2483as 

Kohn,  Jacques,  New  York  18,  New  York  1043v 

Koll,  Robert  H.,  Chicago  14,  Illinois  1301v 

Konz,  Rudolph  C.,  Appleton.  Wisconsin  1189v 

Koonz,  M.  V.,  Thomaston,  Connecticut  1333v 

Koppers  Co.,  Inc.,  PittsbuKh  19,  Pennsylvania  1133s 

Koroletf.  A.,  Montreal  2,  Quebec  409v 

Kortge,  Russell  E.,  Bay  City,  Michigan  1341v 

Kraemer,  Dr.  J.  Hugo.  Lafayette,  Indiana  336v 

Kraft,  Maurice  M.,  Chicago,  Illinois  836a 

Kraici,  Samuel,  Chicago  3.  Illinois  340v 

Krai,  Frank  J.,  Chicago  23,  Illinois  I6lv 

Kramer,  Joseph,  New  York  18,  New  York  1473a 

Kramer,  Paul  R.,  Lufkin,  Texas  2070v 

Kramer,  Ralph  N.,  Corvallis,  Oregon  2307as 

Kraus,  Victor  J.,  Cincinnati  2,  Ohio  168v 

Krause,  R.  E.,  Lake  Charles,  Ixruisiana  1371v 

Krause,  Robert  L.,  Wilmington,  Delaware  397v 

Kreider,  Charles  M.,  Chicago  6,  Illinois  1673v 

Kreienbaum,  C.  H.,  San  Francisco  6,  California  2284v 
Kress,  George,  Green  Bay.  Wisconsin  2330v 

Kretzu,  John,  Honolulu,  Hawaii  2238v 

Kreuger,  Robert  A.,  Fort  Atkinson,  Wisconsin  1238v 

Kreutz,  E.  J.,  La  Crosse.  Wisconsin  731v 

Kreutzman,  John  W..  East  Lansing,  Michigan  2316as 

Krober,  F.  E.,  Fort  Smith,  Arkansas  2393v 

Krohn,  J.  J.,  Areata,  California  I446v 

Kronenberg.  John  F.,  Bandon,  Oregon  2223v 

Kruse,  Keith,  North  Bend,  Oregon  2323as 

Krystad,  Arild  J.,  Seattle  7,  Washington  2482as 

Kuehn,  C.  C.,  New  York  17,  New  York  613v 

Kuehn,  George  W.,  Belmont,  Massachusetts  794v 

Kuenzel,  John  G.,  Washington  23,  District  of  Columbia 

324v 

Kuhn,  Robert  M.,  Cuba  City,  California  1076v 

Kulp,  Donald  A.,  Urbana,  Illinois  1163v 

Kulp,  Jacob  R.,  Cleveland  14,  Ohio  2623v 

KuoppaMaki,  Kauko,  Brooklyn  23,  New  York  l447v 
Kurth,  Ervin  F..  Corvallis.  Oregon  43v 

Kurtz,  D.  A.,  Aloha,  Washington  1869v 

Kurz,  Karl,  S^hwaeb  Hall-Hessental,  U.  S.  Zone,  Germany 

2737V 

Kvale,  Palmer  L..  Coos  Bay,  Oregon  1093v 

Kvalnes,  H.  M.,  Wilmington  99.  Delaware  1733a 

Kynoch,  William,  Ann  Arbor,  Michig.in  8^v 
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I.abelle.  Maurice  N.,  Hyde  Park,  M.issachusetts  2429v 
Laf^r,  Richard.  Port  Clinton,  Ohio  2828as 

l.a:iey.  Arthur.  St.  Paul  1.  Minnesota  67bv 

Lamb,  John  T.,  Knoxville,  Tennessee  360v 

laimbert,  John,  Lenoir,  North  Carolina  2823v 

Ijmbert.  Robert  D..  Longview.  Washington  2489v 

laiMothe.  G.  E.,  Quebec.  Quebec  269v 

Lampe,  John  G..  Raleigh.  North  Carolina  2392as 


Lamson,  Charles  P.,  Winston-Salem,  North  Carolina  2831v 


Lance,  O.  C.,  Chicago  4,  Illinois  47v 

Landino,  J.  W.,  Eau  Claire,  Wisconsin  *  309v 

Landon,  J.  S.,  Nahma,  Michigan  336a 

Lane,  Edward  H.,  Jr.,  Altavista.  Virginia  iu62v 

Lane,  Leonard  B.,  Chicago  9,  Illinois  1331v 

Lang,  Bernard  C.,  Jr.,  Columbus  9,  Ohio  2842v 

Lang,  Fred  H.,  Little  Rock,  Arkansas  90a 

Lang,  Jervis  W.,  Ames,  Iowa  I842as 

Lang,  Lloyd,  Green  Bay,  Wisconsin  479v 

Langdale,  Harley,  Jr.,  Valdosta,  Georgia  2432v 

Langill,  Ross,  Menominee,  Michigan  813v 

Lannan,  Peter  T.,  Jr.,  Georgetown,  South  Carolina  2133v 
Larkin,  A.  E.,  Minneapolis  16,  Minnesota  966v 

Larsen,  Verne  O.,  Walnut  Creek,  California  I852v 

Larson,  Clifford,  Minneapolis,  Minnesota  962v 

Larson,  Edward  L.,  Sheboygan,  Wisconsin  1190v 

Larson,  Hans,  Kalispell,  Montana  2266v 

Larson,  Matt  L.,  Chicago  6,  Illinois  1821v 

Larson,  W.  E..  Grand  Rapids  2,  Michigan  1208a 

Latenser,  Frank,  Omaha  2,  Nebraska  2369v 

Latimer,  Charles,  Memphis  12,  Tennessee  ,  2800v 

Laun.  A.  A.,  Jr.,  Kiel,  Wisconsin  2278v 

Lauritsen,  Alfred  C.,  Seattle  3,  Washington  2460as 

Lavendier,  Charles  C..  Pawtucket,  Rhode  Island  1281v 
LaVoy,  Ortie,  St.  Paul  1,  Minnesota  206Iv 

Lawder,  Robert  H..  Honolulu  34,  Territory  of  Hawaii  338v 
Lawlor,  John  J.,  Syracuse,  New  York  2638as 

Lawrence,  W.  P.,  Hamilton,  Ohio  103v 

Laycock,  Ralph,  New  York  16,  New  York  2180v 

Lazarus.  Norman,  Chicago  14,  Illinois  181 3v 

I«af,  Stanley  C.,  West  Allis,  Wisconsin  U)63v 

Leal,  L  Louis  Moreno,  New  York  22,  New  York  2121v 
Lear,  W.  L.,  Crossett.  Arkansas  22v 

Lecheler,  Louis  E.,  Ypsilanti.  Michigan  I84.3as 

LeClair,  Wm.  J.,  Ottawa,  Ontario  262v 

Leech,  Virgil  J.,  Detroit  12.  Michigan  1246v 

Leek.  J.  B.,  Columbia,  South  Carolina  2217v 

Leete,  Calvin  B.,  Lansdowne,  Pennsylvania  2396as 

Legett,  Albert  A.,  Jackson  103,  Mississippi  328v 

I.«hman,  Edgar  A.,  South  Bend  14,  Indiana  1613v 

Lehmman,  Clifford  E.,  High  Point,  North  Carolina  1828v 
Lehrbas,  Mark  M..  New  Orleans,  Louisiana  232v 

Leicester,  W.  F.,  New  York  17,  New  York  342s 

Leigh,  Geoffrey  N.,  Ann  Arbor,  Michigan  2321as 

Lembach,  Adolph  D.,  Santa  Monica,  California  •  884v 

Lemut,  Jean  Roger,  Seattle  3.  Washington  2771as 

Lenderink,  H.  A.,  Grand  Rapids  2,  Michigan  373v 

Leney,  Lawrence,  Syracuse  10,  New  York  I239v 

Lenox,  R.  G.,  Sumter,  South  Carolina  688v 

Lerch,  Carl  J.,  Cleveland,  Ohio  622v 

Lermer,  Ludwig,  St.  Louis.  Missouri  1079v 

Leslie,  Howard  C..  Hyde  Park,  Massachusetts  1137v 

Leuthold,  I.  H.,  Deer  Park,  Washington  1313s 

Levesque,  Joseph  R.,  Rockport,  Washington  2628as 

Lewis,  Harry  F.,  App.eton,  Wisconsin  99v 

Lewis,  William  F..  Lyons,  Illinois  1136a 

Lewison,  W.  C.,  Beew  River,  New  Hampshire  1213s 
Leyva,  Martin  A.,  Chihuahua,  Mexico  2243v 

Liams,  Thomas  M.,  Hamilton,  New  York  2020a 

Lieff,  Morris,  Linden,  New  Jersey  683v 

Lighthall.  A.  C.,  Jr.,  Baker,  Oregon  1194s 

Lightsey,  Oswald,  Miley,  South  Carolina  1384s 

Ljohtsey  Brothers.  Miley,  South  Carolina  1384s 

Likely,  A.  H.,  Saint  John,  New  Brunswick  337v 

Lile,  Carl  A.,  Coos  Bay,  Oregon  1902v 

Lillie,  Robert  C.,  Grand  Rapids  2,  Michigan  934v 

Lilly,  George.  Monticello.  Indiana  191 3v 

Lincoln,  J.  D.,  Marion,  Virginia  2436v 

Lind,  Bob,  Corvallis.  Oregon  2836as 

Lindberger,  Sigurd,  Stockholm  11,  Sweden  870v 

Lindblom,  Robert  M.,  Grand  Rapids  3,  Michigan  2443v 
Lindeman,  H.  J.,  Chicago,  Illinois  829v 

Lindgren,  Ralph  M..  New  Orleans  12.  Louisiana  1303v 
Lindross,  Helge,  Lahtis,  Finland  2172v 

Lingor.  C.  D.,  Aberdeen,  South  Dakota  932v 

Linn.  Ed.  R.,  Stillwater,  Oklahoma  637v 

Linscott.  I.  1...  Centralia,  Washington  |■'84v 

Littlefield.  Philip  C..  Ivoryton,  Connecticut  2497v 

I.ittleford.  Thomas  W..  West  Vancouver.  British  Columbia 

L'ttorin,  Knut,  Stockholm,  Sweden  I660v 

Livermore.  Norman  B.,  Jr.,  Cloverdale.  California  1334v 
Lobert,  Alexander,  Brooklyn  13,  New  York  ll43v 

Lockard,  Charles  R..  Upper  Darby,  Pennsylavnia  493v 
Locke,  Edward  G.,  Portland  3,  Oregon  I6v 

Lockwood,  W.  E.,  Portland  12.  Oregon  MCOv 

Lodewick,  I.  Elton.  Longiew,  Washington  l}4v 

Loetscher,  Robert  F..  Dubuque,  Iowa  24l2v 

Loetterle.  F.  R.,  Chicago  32,  Illinois  I603v 

Logan,  Gordon  D..  Madison  3.  Wisconsin  767a 

Long,  A.  J.,  North  Sacramento,  California  2117v 

Long,  Allen  V.,  Newark  1,  New  Jersey  2088' 
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Long,  J.  D.,  Beltsville,  Maryland  130v 

Long,  L.  £.,  Portland,  Oregon  4)8v 

Long,  Raymond  V.,  Richmond,  Virginia  18}8v 

Long,  Wayne  P.,  Seattle  4,  Washington  2114a 

The  Long-Bell  Lumber  Co.,  Longview,  Washington  1540s 
Loom,  A.  J.,  Brainerd,  Minnesota  '565v 

Lorenzini,  E.  M.,  Chicago  5,  Illinois  d89v 

Loschbrandt,  Ingenior  iF.,  Skoyen — A6441,  Norway  2230v 
Lou^head,  Harvey  J..  Biltmore,  North  Carolina  l413v 
Louisiana  Long  Leaf  Lumber  Co.,  Fisher,  Louisiana  1154s 
Lotter,  Henry  A.,  Jr.,  Vancouver,  Washington  l'487v 

Love,  James  L.,  Hammond,  Louisiana  l605a 

Lowgren,  Uno,  New  York,  New  York  717v 

Lowther,  Harry  A.,  Joliet,  Illinois  93v 

Lowry,  Sydney,  Short  Hills,  New  Jersey  2576v 

Lubach,  Arnold  £.,  Palm  ^rings,  California  652v 

Lucas,  George  C.,  Garden  City,  Louisiana  2299v 

Luce,  Foster,  Portland  7,  Oregon  257v 

Ludwig,  Robert  S.,  Greenville  Junction,  Maine  1959v 
Lumsden,  George  Q.,  Murray  Hill,  New  Jersey  504v 

Lundeen,  A.  R.,  Portland  4,  Oregon  1047v 

Lundstrom,  Carl  B.,  Little  Falls,  New  York  1188v 

Lurton,  Harry  A.,  Pensacola,  Florida  2348v 

Lutz,  John  F.,  Madison  5,  Wisconsin  l690as 

Lutz,  Russell  J.,  Sharon,  Massachusetts  1971v 

Lyerly,  Walker,  Jr.,  Hickory,  North  Carolina  2817v 

Lyon,  Allen  A.,  Seattle  2,  Washington  1769a 

Lyons,  William  A..  Oklahoma  City  1,  Oklahoma  723v 


M 


Mabesa,  Calixto,  Laguna,  Philippines  903v 

Mabrey,  George  R.,  New  York  17,  New  York  1234v 

Mabry,  D.  B.,  St.  Louis  2,  Missouri  546v 

MacAdam,  W.  C.,  Lawrence,  Massachusetts  2332v 

MacDonald,  G.  B.,  Ames,  Iowa  I492v 

MacDonald,  H.  G.,  Monrovia,  California  1352v 

MacDonald,  J.  G.,  Vancouver,  British  Columbia  2037a 
Macdonald,  Mortimer  D.,  Corvallis,  Oregon  824v 

MacGregor,  R.  Bruce,  Macon,  Geo^ia  2848v 

Mackenzie,  Donald  W.,  Corvallis,  Oregon  2819as 

Mackerer,  A.  W.,  Algonac,  Michigan  355v 

Mackintosh,  Charles,  Los  Angeles  4,  California  2736v 

MacLagen,  C.  F.,  Bainbridge,  New  York  1548v 

MacLean,  Angus  D.,  Louisville  9,  Kentucky  2686v 

MacMillan  Industries,  Ltd.,  Vancouver,  British  Columbia 


1599s 

MacNair,  C.  S.,  Chicago  8,  Illinois  2665v 

Maddigan,  S.  £.,  Vancouver,  British  Columbia  1936v 

Madsen,  Melvin  M.,  Bonner,  Montana  1796v 

Madson,  Glenwood  L.,  Pondosa,  Washington  1934a 

Magdsick,  C.  D^  Pittsburgh  30,  Pennsylvania  468v 

Maneu,  Claude  r.,  Paris,  France  1593v 

Maier,  Walter  L.,  Chicago  4,  Illinois  753v 

Maine,  Albert  B.,  Charlotte  7,  North  Carolina  1712v 

Malashevitz,  A.  J.,  Fords,  New  Jersey  2442v 

Malmstrom,  H.,  Fxperimentalfaltet,  Sweden  997a 

Mangan,  John  W.,  Adair  Village,  Or^on  2049as 

Manley,  Leander,  Vancouver,  British  Columbia  2389v 

Manson,  B.  C.,  San  Francisco  4,  California  l482s 

Marashinsky,  Julius,  New  York.  New  York  1705v 

Marathon  Corp.,  Rothschild,  Wisconsin  1109s 

Marckworth,  Gordon  D.,  Seattle,  Washington  llv 

Marianelli,  Luigi,  Chicago  2,  Illinois  1309v 

Markwardt.  L.  J.,  Madison  5,  Wisconsin  12v 

Marlin,  Clifton  B.,  Durham,  North  Carolina  2084as 

Marra,  Alan  A.,  Ann  Arbor,  Michigan  587v 

Marra,  G.  G.,  Morgantown,  West  Virginia  58v 

Marschke,  Carl,  Rib  Lake,  Wisconsin  I630a 

Marsh,  A.  Fletcher,  Chicago  4,  Illinois  59v 

Marshall,  E.  D.,  Lufkin,  Texas  I123v 

Marshall,  H.  Borden,  Toronto,  Ontario  318v 

Marshall,  Virl  D.,  Corunna,  Michigan  I938v 

Martin,  C.  A.,  Bemidji.  Minnesota  2496v 

Martin,-  C.  Frederick.  Nazareth,  Pennsylvania  709v 

Martin,  Charles  F.,  Chicago  3,  Illinois  I697a 

Martin,  H.  R..  Webster,  New  York  1744v 

Martin,  John  R.,  Ames,  Iowa  ‘  184las 

Martin,  Prescott  L.,  Tarboro,  North  Carolina  2832v 

Martin,  Theodore  J.,  Madison  5,  Wisconsin  9l6v 

Martin,  W.  £.,  Grand  Rapids  2,  Michigan  1515v 

Martin,  W'Uiam,  Hoquiam,  Washini^on  I851v 

Martin,  William  J.,  Syracuse  10,  New  York  2802as 

Martin,  W.  Linus,  Elizabeth  2,  New  Jersey  435v 

Marusi,  A.  R.,  Sao  Paulo,  Brazil  1157v 

Mason,  Carl  F.,  Monticello.  Arkansas  2l61v 

Mason,  E.  L.,  Kingsville,  Texas  508v 

Mason,  G.  Leslie,  Manchester  17,  England  1529v 

Masterson,  Frederick  A.,  Chicajto  3,  Illinois  1235v 

Matheson,  Paul,  Bingham,  Maine  2128v 

Mattison,  Arthur  M.,  Rockford,  Illinois  222Iv 


Mattson,  L.  R.,  Hastings,  Michigan  2213v 

Mattson,  W.  C.,  Prospect,  Oregon  1385a 

Maxwell,  H.  Stirling,  Montreal,  Quebec  119v 

Maxwell,  John  W.,  Laconia,  New  Hampshire  1158v 

May,  Bell,  Mobile,  Alabama  2530v 

May,  Elliot  D.,  Winchedon,  Massachusetts  1520v 

May,  T.  K.,  Portland  13,  Oregon  1461s 

Mayer,  Ward,  Portland  8,  Oregon  627v 

Mayfield,  P.  B.,  New  York  6,  New  York  82 Iv 

Meier,  Arthur  Jay,  Ji.,  St.  Louis  17,  Missouri  2432v 

Meier,  George  D.,  Grand  Rapids  2,  Michigan  761v 

Meiler,  John  G.,  Coos  Bay,  Oregon  131v 

Meiners,  Paul  J.,  Louisville  9,  Mntucky  2613v 

Meisel,  C.  J.,  Huntington  4,  West  Virginia  2246v 

Meloney,  H.  M.,  New  York  17,  New  York  1759v 

Melrose,  Roger  M.,  Tacoma  3,  Washington  1265as 

Memphis  Hardwood  Flooring  Co.,  Memphis  10,  Tennessee 

Meredith,  W.  C.,  Jr.,  Atlanta,  Georgia  773v 

Mereen-Johnson  Machine  Co.,  Minneapolis  12,  Minnesota 
.  -  2250s 

Merritt,  E.  H.,  Lockport,  New  York  1674a 

Merritt,  Harry  C.,  Downington,  Pennsylvania  1381s 

Merten,  Geo.  J.,  Coos  Bay,  Oregon  358v 

Mertes,  Joseph' F.,  Chicago  51,  Illinois  1893v 

Mertz,  Henry  L.,  Tacoma,  Washington  955v 

Merwin,  Benjamin  F.,  Sudbury,  Ontario  1835v 

Messingschlager,  Wm.  J.,  New  Albany,  Indiana  1132s 
Mest,  John  M.,  Harrisburg,  Pennsylvania  2598as 

Meyercord,  E.  6.,  Mobile  4,  Alabama  580v 

Miles,  Thomas  R.,  Beaverton,  Oregon  395v 

Milham,  Robert  N.,  Ann  Arbor,  Michigan  1438as 

Millar,  J.  Burton,  Neenah,  Wisconsin  237v 

Miller,  C.  E.,  Memphis  3,  Tennessee  412v 

Miller,  E.  Burns,  Lewiston,  Ohio  1295a 

Miller,  Earl  L.,  San  Francisco  4,  California  1633v 

Miller,  Harold  A.,  Forest  Grove,  Oregon  1400s 

Miller,  Huguenin,  Watervliet,  Michigan  294v 

Miller,  J.  Axel,  DeKalb,  Illinois  2300v 

Miller,  Jess  A.,  Kirkland,  Washington  2263v 

Miller,  Lloyd  P.,  Los  Angeles  43,  Calitornia  1746v 

Miller,  Owen  L.,  Memphis  1,  Tennessee  30v 

Miller,  Paul,  Minden,  Louisiana  678v 

Mjlier,  S.  P.,  New  York  6,  New  York  364v 

Miiler,  Thomas  B.,  Waukegan,  Illinois  I787as 

Miller,  William  D.,  Raleigh,  North  Carolina  172tv 

Millett,  Merrill  A.,  Madison  5,  Wisconsin  2500v 

Mills,  Milton  E.,  Bryant  Pond,  Maine  2632v 

Minis,  Lawrence  W.,  Gainesville,  Florida  6l0v 

Minich,  Arthur,  Elizabeth  F,  New  Jersey  335v 

Minskey,  S.  V.,  Sr.,  Knoxville  2,  Tennessee  190v 

Mitchell,  A.  E.,  Marion,  South  Carolina  1592a 

Mitchell,  James  M.,  Thomaston,  Maine  2245v 

Mjtchell,  Karl  M.,  Oak  Park.  Illinois  774v 

Mitchell,  Leonard  O.,  Forest  Park,  Illinois  1209v 

Mitchell,  Ray  W.,  Farinington,  Maine  U60v 

Mitchell,  Thomas  J.,  Pickens,  South  Carolina  1829v 

Mitchell,  Wm.  W.,  Madison  5,  Wisconsin  24v 

Mock,  A.  Karl,  Lynchburg,  Virginia  1895v 

Modansky,  Aaron,  Missoula,  Montana  1775v 

Moeser,  O.  E.,  Port  Washington,  Wisconsin  2810v 

Moffitt,  Wm.  R.,  Seattle  8,  Washington  343v 

Moltesen,  Peter,  CoMnhagen  V,  Denmark  2713v 

Monahan,  Vic.  C.,  Tacoma,  Washington  llOv 

Monsanto  Chemical  Co.,  St.  Louis  4,  Missouri  552s 

Moore,  E.  H  .  Galveston,  Texas  2569v 

Moore,  M.  W.,  Chatanooga,  Tennessee  1004v 

Moore,  Ravmond  A.,  Mo^antown,  West  Virginia  2840as 
Moore,  Robert  C.,  Grand  Ki^ids.  Michigan  2205as 

Moores,  W.  M.,  Rockport,  California  1951v 

Morath,  Edgar,  Washington,  District  of  Columbia  2609v 
Moreland.  Donald  E.,  Raleigh,  North  Carolina  2110as 
Morgan,  Robert  K.,  Black  Mountain.  North  Carolina  1072a 
Morgan,  Walter  E.,  Columbus  15,  Ohio  914a 

Morm,  Walter  R.,  Pittsfield,  Massachusetts  2669as 

Morris,  Wm.,  R.,  San  Francisco  4,  California  1053v 

Morrison,  H.,  Detroit  31,  Michigan  lll4a 

Morrison,  Harry,  Brooklyn  11,  New  York  2739v 

Morse,  Victor  L.,  Brattleboro,  Vermont  825v 

Morton,  David  B.,  Chicago  14,  Illinois  2187a 

Morton,  Marion,  Beatrice,  Nebraska  1035v 

Moser,  Harold  C.,  Louisville,  Kentucky  29v 

Moser,  Marcel,  Quincy,  California  I969v 

Mosinee  Paper  Mills  Co.,  Mosinee,  Wisconsin  1380s 

Mottet,  Arthur  L.,  Longview,  Washington  40v 

Mottishaw,  J.  S.,  Port  Alberni,  British  Columbia  361v 

Moxley,  Geo.  F.,  Camden.  New  Jersey  238v 

Moyer.  W.  W.,  Camas,  Washington  2572v 

Mraz,  Edward  A.,  Madison  4,  Wisconsin  2125v 

Muehiman.  Paul  A.,  Philadelphia  40,  Pennsylvania  979v 

Mueller,  Lincoln  A..  Missoula,  Montana  1999v 

Muhm,  Robert  E.,  Ames,  Iowa  2485as 
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Mills: 


Grant  B.  Shipley,  Engineer 


i.V 


KOPPERS  BUILDING,  PITTSBURGH  19,  PA. 


WINTON  LUMBER 
SALES  COMPANY 

MINNEAPOLIS.  MINN. 


Sugar  Pine  Ponderosa  Pine 
Western  White  Spruce 


Industrial  Box  Shook 


Rezo  cell-type 
Flush  Doors 

Manufactured  by 

PAINE  LUMBER  CO. 


THE  PAS  LUMBER  CO.  LTD.  (Con.) 
WINTON  LUMBER  CO.  (Calif.) 


OSHKOSH,  WISCONSIN 


4 
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Mullavey,  Richard  E.,  Concord,  New  Hampshire  1310as 
Mullen,  Richard  C.,  Rochester  3.  New  York  27S2v 

Muller,  Joh.  'Friedr.,  Hamburg,  Germany  2092a 

Muller,  Robert  A.,  Boston,  Massachusetts  18)7v 

Mummert.  M.  A.,  Chicago  4,  Illinois  1442a 

Murray,  Chas  A.,  New  Orleans  12,  Louisiana  1979v 

Murray,  Charles  E.,  Shelton,  Washington  724v 

D.  J.  Murray  Mfg.  Co.,  Wausau,  Wisconsin  1987s 

Muschler,  A.  F.,  Aurora,  Illinois  1263as 

Muttart,  M.  D.,  Edmonton,  Alberta  2729v 

Muzquia,  Jose  G.  Gonzalez,  Chihuahua,  Chih.,  Mexico 

2233V 

Myers,  Earl  C.,  Portland  2,  Oregon  381v 

Myers,  R.  L.,  Lexington,  North  Carolina  282 Iv 

Myhren,  W.  P.,  Rapid  City,  South  Dakota  1804v 

McAfee,  Don,  Garnett,  Kansas  2678v 

McAlvage,  Edward  M.,  Grants  Pass,  Oregon  1788v 

McArthur,  D.  W.,  Detroit  20,  Michigan  1565v 

McBraver,  M.  L.,  Alhambra,  California  ‘>93v 

McBride,  Clark  F.,  Vancouver,  British  Columbia  838v 
McCarthy,  I.  C.,  Chicago  11,  Illinois  l481s 

McClain,  Taft  R..  Adel,  Georgia  2296v 

McCloskey,  Frank,  Philadelphia  32,  Pennsylvania  617v 
McCord,  Harry,  New  Castle,  Indiana  1228v 

McCormack,  Paul  H.,  New  York  16,  New  York  159v 
McCraney,  R.  E.,  Pickford,  Michigan  19l4v 

McCraw,  W.  E.,  Peoria,  Illinois  2604v 

McCready,  Edward,  Grand  Rapids  2,  Michigan  2206v 
McCully,  William  I.,  Upland,  California  1491  v 

McDaniel,  Thomas  J.,  Ji.,  Auburn,  Alabama  2733as 

McDonald,  C.  I.  D.,  Port  Arthur,  Ontario  1668a 

McDonald,  Edwin  R.,  Chemainus,  British  Columbia  953v 
McDonald,  Leo,  Colfax,  Louisiana  2372v 

McDonald,  W.  S.,  Georgetown,  South  Carolina  2275v 
McFarland,  Wm.  A.,  Wauna,  Oregon  45v 

McFarlin,  Carl,  Nashville  3.  Tennessee  801a 

McGee,  John  T.,  Willow  Run,  Michigan  2785as 

McGillivray,  John  O.,  Weston,  Massachusetts  1940v 

McGinn,  Earl  P.,  New  York  19,  New  York  2192a 

McGinn,  John  T.,  Chicago  6,  Illinois  1097a 

McGowin,  Julian  F.,  Chapman,  Alabama  274v 

McGraw,  Edward  B.,  Thorold,  Ontario  2167v 

McGraw,  E.  J.,  Portland  9,  Oregon  2809a 

Mclnnis,  Joe  A.,  Grand  Rapids,  Michigan  2293as 

McIntosh,  James  A.,  Vancouver,  British  Columbia  1840as 
Mclver,  M.  C.,  Mellen,  Wisconsin  2280v 

McKay,  Robert  A.,  Martinsville,  Virginia  1432a 

McKean,  Herbert  B.,  Washington  6,  District  of  Columbia 

227v 

McKeown,  Patrick  V.,  Corvallis,  Oregon  2018a$ 

McKnight,  F.  L.,  Gardner,  Massachusetts  1892v 

McKnight,  French  R.,  Helena,  Arkansas  1634v 

McLaren,  George  L.,  Selma,  Alabama  2120v 

McLaughlin,  I.  J.,  Manistique,  Michigan  1123v 

McLean,  George,  Wakefield,  Massachusetts  2083v 

McLean,  William  John,  Vancouver,  British  Columbia  2743as 
McLeod,  G.  B.,  San  Francisco,  California  1039v 

McMillan,  A.  Dale,  Harlan,  Kentucky  1245v 

McMullan,  D.  L.,  Vancouver,  British  Columbia  l678v 
McNeice,  George  E.,  Arlington,  Virginia  78ov 

McNeil,  Duncan,  Huntington  Beach,  California  810v 

McPhee,  John  E.,  Grand  Rapids  2,  Michigan  2509v 

McPherson,  A.  B.,  Lakeview,  Oregon  1393as 

McSorl^,  W.  B.,  Portland  2,  Oregon  1070v 

McSwain,  George  A.,  Walpole,  Massachusetts  l692as 

McTigue.  William  E.,  West  Towsend,  Massachusetts  2670as 
McVey,  C.  A.,  Sr.,  Tacoma,  Washington  199v 


Nichols,  Carlton  E.,  Gardner,  Massachusetts  1763v 

Nichols,  Charles  R.,  Ir.,  Jersey  Ci^  2,  New  Jersey  1227v 
Nichols,  Don  E.,  Valdosta,  Georgia  2336v 

Nicholson,  Fred,  Seattle  4,  Washington  1332a 

Nickey,  S.  M.,  Jr.,  Memphis  12,  Tennessee  I632v 

Nissen,  Donn  Edward,  Seattle  7,  Washington  2313as 

Nixon,  Gaylord  D.,  Corvallis,  Oregon  2837as 

Noble,  W.  K.,  Fort  Wayne  1,  Indiana  1210a 

Nolan,  Clifford  J.,  Jr.,  Shaker  Heights  22,  Ohio  2703as 
Nord,  Louis  F.,  Cadillac,  Michigan  775v 

Norman,  Thomas  S.,  Calumet  City,  Illinois  2730v 

Norman,  Wayne  A.,  Dubuque,  Iowa  293v 

Norment,  R.  E.,  Lenoir,  North  Carolina  2224a 

Norment,  Richard  E.,  Jr.,  Lenoir,  North  Carolina  1719as 
Norris,  C.  B.,  Madison  3,  Wisconsin  7l6v 

Northcott,  Philip  L.,  Vancouver,  British  Columbia  1338a 
Northwest  Furniture  Mfrs.  Assn.,  Seattle  1,  Washington 

1374s 

Norton,  Arthur  J.,  Seattle  4,  Washington  832v 

Norton,  Newell  A.,  State  College,  Pennsylvania  749v 

Norton,  Robert  G.,  Adair  Village,  Oregon  1440as 

Nunemaker,  M.  W.,  Marquette,  Michigan  313v 

Nuttall,  Harry,  Wimbledon,  London  SW  19,  England  2713v 
Nutting,  B.  L.,  Medford,  Oregon  1642a 

Nye,  Arthur  R.,  Grand  Rapids,  Michigan  2227as 

Nyquist,  Bernhard  B.,  Rockford,  Illinois  2283v 

Nystrom,  Leonard,  Eugene,  Oregon  1868v 


o 

Oberg,  William,  Grand  Rapids  9,  Michigan  2624v 

0|Brien,  Alfred  J.,  Chester,  California  1949as 

O'Brien,  Edward  H.,  Schenectady,  New  York  ll43v 

O’Day.  Thomas  W.,  Lowell,  Massachusetts  2042v 

Oettmcier,  W.  M.,  Fargo,  Georgia  283  Iv 

Ogden,  Ronald  E.,  St.  Peters.  N.S.W.  Australia  U20v 
Ogland,  Nils  Jul,  Ornskoldsvik,  Sweden  I390v 

O  Hare,  Eugene  R.,  New  York  16,  New  York  906v 

Oleyar,  Edward  G..  Syracuse,  New  York  2527as 

Oliver,  Ernest  L.,  Ivoryton,  Connecticut  2139v 

Oliver,  Wm.  A.,  Urbana,  Illinois  951v 

Olson,  George  E.,  Midland,  Michigan  203v 

Olson,  George  T.,  St.  Louis,  Missouri  726v 

Olson,  Harold,  Portland,  Oregon  2770v 

Olson,  Howard,  Minneapolis  7,  Minnesota  1816v 

Olson,  Jos^h,  O.,  Philadelphia  36,  Pennsylvania  2523v 
Olson,  L.  G.,  Enumclaw,  Washington  2398v 

O’Meara,  Dennis  S.,  Allegan,  Michigan  l687v 

O’Neil,  Charles  S.,  Two  Rivers,  Wisconsin  2190v 

O’Neil,  Lawrence  E.,  Kalispell,  Montana  l608v 

Onen,  Emin  N.,  Brooklyn,  New  York  1334as 

Oregon  Lumber  Co.,  Baker,  Oregon  1194s 

Orth,  G.  Otto,  Jr.,  Seattle  3,  Washington  2721v 

Ostertag,  Roy  B.,  Jr.,  Corvallis,  Oregon  2774as 

Ostman,  H.  F.,  St.  Louis,  Missouri  478v 

Otiey.  V.  C.,  New  York  6,  New  York  492 v 

Ott,  Chester  W.,  Portland  9,  Oregon  634v 

Oval  Wood  Dish  Corp.,  Tupper  Lake,  New  York  1497s 
Overgard,  J.  A.,  Eugene,  Oregon  ll42v 

Overholser,  James  L.,  Dallas,  Oregon  2174as 

Oviatt,  Alfred  E.,  Lancaster,  Pennsylvania  2140v 

Owen,  Harold  P.,  Chicago  22,  Illinois  1965v 

Owen,  Hermon  F.,  New  York  20,  New  York  2652v 

Owens,  James  M.,  Syracuse,  New  York  2394v 


P 


N 

Nagel,  George  H.,  Winslow,  Arizona 

Nason,  R.  O.,  Crossett,  Arkansas 

Nat’l  Assn,  of  Furniture  Mfg.,  Chicago  II,  Illinnis 

National  Tank  &  Pipe  Co.,  Portland  3.  Oregon 

Nayer,  Amar  Nath,  Kanpur.  U.  P..  India 

Nebesar,  Robt.  J.,  Bristol,  Virginia 

Neel,  M.  C.,  St.  Paul  1,  Minnesota 

Neikirk,  E.  D.,  Ravenna,  Ohio 

Neils,  Edward  W..  Klickitat,  Washington 

J.  Neils  Lumber  Co..  Portland  4,  Oregon 

Neils,  Paul,  Portland  4,  Oregon 

Neils,  Richard  P..  Libby,  Montana 

Nelson,  H.  A.,  New  Iberia,  Louisiana 

Nelson,  Herbert  U.,  Washington.  District  of  Columh 

Nelson,  John  W.,  New  York  16,  New  York 

Nelson,  Kenneth  E..  Van  Nuys,  California 

Newell.  Collins  B.,  Leominster,  Massachusetts 

Newell.  H.  V..  Evanston,  Illinois 

Newins,  Harold  S.,  Gainesville,  Florida 

Newson,  Erie  T.,  Jr..  Macon.  Georgia 

Newton,  W.  F..  Pittsburgh  13.  Pennsylvania 


Pack  River  Lumber  Co.,  Sandpoint,  Idaho 
Packman,  Robert  S.,  Valparaiso,  Indiana 
1839a  Page,  W.  D.,  Tacoma,  Washington 
1060v  Paine  Lumber  Co.,  Ltd.,  Oshkosh,  Wisconsin 
1481s  Palmer,  I.  R.,  Houston  1,  Texas 
1173s  Palmer,  Frank  R.,  Jacksonville  1,  Florida 
219v  Palmer,  R.  E..  Ridgeway,  Virginia 
69v  Pandel,  Carl  R.,  Chicago  8,  Illinois 
1026s  Panshin,  Alexis  J.,  East  Lansing.  Michigan 
1183s  Pantke,  Conrad.  New  York  19.  New  York 
1771v  Paradis.  Paul,  Rimouski,  Quebec 
1466s  Park,  William  S.,  New  London,  Wisconsin 
493v  Parks,  William  R.,  Raleigh,  North  Carolina 
1073v  Parks,  Walter  H.,  Adair  Village,  Oregon 
2493v  Parnell,  John  E.,  Crossett,  Arkansas 
1  46a  Parnell,  Willis  E.,  Algoma,  Wisconsin 
2026v  Parrish,  Frank  T.,  Gardner.  Massachusetts 
1207V  Parrish,  H.  C.,  Stockton.  California 
1944v  Partch,  Robert  E.,  Stockton,  California 
lS80v  Parsons,  lohn  L.,  Waterville.  Mai^e 
23v  Parsons,  Ralph  H..  East  Lansing.  Michigan 
1898v  Pastoret.  James,  Upsilanti,  Michigan 
191  Iv  Patitz.  G.  N.,  Ashland,  Kentucky 
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1600s 

I427as 

1738v 

2440s 

189v 

2749V 

1827V 

64 3 V 
167v 
344v 
1643a 
2I96v 
2546v 
2620as 
636v 
2737V 
lOlOv 
2728a 
1292s 
182v 
2207s 
1822V 
2344v 
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SPENDABLE  QUALITY 

|(  ■RANO  )| 

\\  HARDWOOD  JJ 
^FUOORING^ 


Oak  •  Beach  -  Pecan  -  Ash 

In  straight  cars  or  mixed  with  air  dried  Yellow  Pine  Boards  and 
Dimension.  Best  of  manufacture.  Satisfaction  that  will  bring  you 
back  fojr  more. 

For  prompt  attention  on  your  needs  phone  or  write 

MILLER  &  COMPANY,  INC. 

Manufacturers  of 

Hardwood  &  Yellow  Pine  Lumber 

SELMA,  ALA.  and  JACKSON,  TENN. 

Selma  LDS)910 — PHONES — ^Jackson  23761 


T.  A.  FOLEY  LUMBER 
CO.,  INC. 


TIMBER  PRESERVERS 
LIMITED 

Ft.  Trapp  Road 
NEW  WESTMINSTER,  B.  C. 


We  Manufacture  and  Kiln  Dry 

High  Grade  Bond  Sowed  Indiana 
Hardwoods,  Ash,  Quartered 
Oak  and  Walnut 


Sawmills 
Prefabricators 
Pressure  Treating 
Butt  Treating 


Poles 
Piles  • 
Ties 
Timbers 


Douglas  Fir — Western  Hemlock 
— Red  Cedar 


PARIS,  ILLINOIS 


A  Complete  Service  to  All  Wood  Users 
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Patronsky,  L.  A.,  Ann  Arbor,  Michigan  712v 

Patton,  C.  W.,  Martinsville,  Indiana  l)37a 

Patton,  Edward  A.,  Clinton,  Iowa  I70lv 

Paul,  Benson  H.,  Madison  ),  Wisconsin  66)v 

Paul,  Charles  F.,  St.  Louis  4,  Missouri  1073s 

Pauiey,  K.  D.,  Longview,  Washington  476v 

Paulmann,  Calvin  ^  Scarsdale,  New  York  2826a$ 

Payne,  Monty  A.,  Winterville,  Mississippi  385v 

Pearson,  Clittord  H.,  Anacortes,  Washington  973v 

Peavy,  Harold  J.,  Ladysmith,  Wisconsin  I388v 

Peche,  Francis,  Brussels,  Belgium  603v 

Peck,  Edward  C.,  Madison  5,  Wisconsin  725v 

Peck,  H.  W.,  Vancouver,  British  Columbia  1599s 

Peck,  John  f.,  Lancaster,  Pennsylvania  1282v 

Pedersen,  Axel  V.,  Los  Angeles  43,  Calilornia  79v 

Pederson,  Myron  K.,  Albert  Lea,  Minnesota  2473v 

Peet,  Herbert  M.,  Portland  4,  Oregon  607v 

Peilinger,  James  J.,  Rahway,  New  Jersey  2310a 

Penas,  Nazario,  Basilan  City,  Philippine  Islands  2096v 
Pendleton,  M.  B.,  Chicago  5,  Illinois  647a 

Penrose,  W.  A.,  Washington  5,  District  of  Columbia  1874a 
Perez,  Leonard,  St.  Louis  3,  Missiouri  502v 

Perkins,  C.  A.,  Shreveport  76,  Louisiana  475v 

Perkins  Glue  Co.,  Lansdale,  Pennsylvania  1317s 

Perkins,  Neison  S.,  lacoma,  Washington  745v 

Perkins,  Ross  N.,  Foxboro,  Massachusetts  400a 

Perrin,  Robert  L.,  Ann  Arbor,  Michigan  1507as 

Perry,  Donald  G.  C.,  Grand  Rapids  2,  Michigan  2102v 
Perry,  Frederick,  Cambridge  42,  Massachusetts  970v 

Perry,  Henry  J.,  Chatham,  New  Jersey  l434v 

Perry,  Thomas  D.,  Moorestown,  New  Jersey  682v 

Perschke,  Chester  A.,  Grand  Rapids  2,  Michigan  2200v 
Petersen,  Geo.  L.,  Cornell,  Wisconsin  165v 

Peterson,  Carl  A.,  Prineville,  Oregon  1963v 

Peterson,  H.  S.,  Orange,  Texas  207v 

Peterson,  Milo  A.,  Seattle  5,  Washington  1931a 

Peterson,  Roy  B.,  Memphis  2,  Tennessee  1176v 

Petrie,  James,  Port  Alberni,  British  Columbia  2271v 

Pettersen,  Richard  W.,  Seattle  5,  Washington  1799as 

Petterson,  W.  I.,  Portland  1,  Oregon  1908v 

Petty,  David  H.,  Greensboro,  North  Carolina  2458v 

Peyrot,  Edmond,  New  York  21,  New  York  1793v 

Pfeiffer,  Jack  R.,  Corvallis,  Oregon  2062as 

Ptenning,  Henry  D.,  Smith  Gate,  California  2058v 

Pfund,  Adolph,  Chicago  2,  Illinois  35v 

Phelps,  Raymond  C.>  Flint  1,  Michigan  1423a 

Philbrick,  Warren  W.,  Seattle  44,  Washington  356v 

Philco  Corp.,  Philadelphia,  Pennsylvania  410s 

Phinney,  H.  K.,  Manchester,  New  Hampshire  1727v 

Phipps,  D.  H.,  Wenatchee,  Washington  1118v 

Picard,  Raymond  E.,  Jacksonville,  Florida  2758v 

Piche,  Gustave  Clodomir,  Montreal,  P.  Q.  533v 

Pierce,  Donald  F.,  Farmington,  Maine  1159v 

Pierce,  R.  M.,  Gardiner,  Maine  1269v 

Pilliod,  George  L.,  Swanton,  Ohio  2I89v 

Pillow,  Maxon  Y.,  Madison,  Wisconsin  661v 

Pincus,  Alec,  Parow,  C.P.,  South  Africa  1862a 

Pinkard,  Jacques  J.,  Wheaton,  Illinois  1449v 

Pizzano,  Vincent,  Pownal,  Vermont  2503v 

Plahte,  Frithjof,  Lysaker,  Norway  1027a 

Plow,  Richard  H.,  Eugene,  Oregon  27l4v 

Plumpton,  David  C.,  Manchester,  New  Hampshire  1717v 
Poletika,  Nicholas  V.,  Washington  19,  District  of  Columbia 
*  1333as 

Polk,  E.  H.,  Portland  4,  Oregon  564v 

Porter,  George  I.,  Torrington,  Connecticut  2339v 

Potter,  O.  Stanley,  Boston  7,  Massachusetts  2175v 

Porter,  Paul  B..  Chambersburg,  Pennsylvania  551v 

Posey,  Henry  G.,  Raleigh,  North  Carolina  2650as 

Possnack,  Nick  A.,  Morgantown,  West  Virginia  1329v 
Potlatch  Forests,  Inc.,  Lewiston,  Idaho  I6l7s 

Poundstone,  Earl  C.,  Milwaukee  2,  Wisconsin  2l59v 

Powell,  Ashby  R.,  lefferson  City,  Missouri  2lla 

Powell,  J.  Howarcf,  Farmingdale,  Long  Island,  New  York 

692v 

Power,  J.  B.,  Vancouver,  Washington 
Power,  Richard  J.,  Jersey  City,  New  Jersey 
Prange,  Gerald,  Pine  Grove  Mills,  Pennsylvania 
Pratt,  E.  A.,  Prince  George,  British  Columbia 
Pratt,  Richard.  New  York  20,  New  York 
Pratt,  Willard  E.,  Eureka,  California 
Prentice,  John  G.,  New  Westminster,  British 


Prescott,  Jos.,  Cleveland  1,  Ohio 

Preston,  Richard  J.,  Jr..  Raleigh,  North  Carolina 

Preston,  S.  B.,  Ann  Arbor,  Michigan 

Prettie,  Robt.  J.,  Port  Arthur,  Ontario 

Price,  W.  H.,  Redding.  California 

Prichard.  Leonard  A..  Pinedale.  Arizona 

Priest,  Richard  B.,  Durham,  North  Carolina 

Prine.  R.  L..  Manistique,  Michigan 

Pritchard,  Wilmot  T.,  Seattle  4,  Washington 


1923V 
2657v 
2561as 
2573V 
2228a 
41 5  V 
Columbia 
1716s 
519v 
523v 
1267as 
393v 
2655V 
1984v 
2773as 
1124v 
2767V 


Proctor,  Phimister  B.,  Corvallis,  Oregon  132v 

Proeger,  Linden,  Belmond,  Iowa  2557as 

Pryce,  Stephen,  D.,  Grand  Rapids,  Michigan  2730v 

Puckett,  Eerrill  R.,  Raleigh,  North  Carolina  2672as 

Puff,  Henry  B.,  Chicago  1,  Illinois  2197v 

Pugh,  L.  R.,  St.  Maries,  Idaho  924v 

Putman,  Richard  J.  P.,  Ft.  Collins,  Colorado  25l4as 

Putney,  Reid  T.,  East  Lansing,  Michigan  2488as 


Q 

Quigley,  R.  I.,  High  Point,  North  Carolina  2806v 

Quincy,  Lyman,  Sumter,  South  Carolina  I6l0v 

Quinn,  Don  L.,  Chicago  10,  Illinois  245v 


R 

Rahaim,  Peter  A.,  Gardner,  Massachusetts  1790v 

Rammer,  H.  L.,  Stockton,  California  l459v 

Ramsdell,  Forrest  H.,  Longview,  Washington  l429v 

Ramsey,  Vernon  E.,  Suffolk,  Virginia  1861a 

Rand,  William  E.,  Stanford,  Calimrnia  1661a 

Randel,  W.  C.,  East  Lansing,  Michigan  2663v 

Ranganathan,  Gopal  S.,  Madras,  India  1530v 

Ranganathan,  Shri  C.  R.,  Dehra  Dun,  India  1644v 

Ransford,  Phillip  L.,  Ft.  Collins,  Colorado  2317as 

Raoul,  William  G.,  Chattanooga  2,  Tennessee  1003v 

Rapp,  Edward,  New  Haven,  Connecticut  1270as 

Rapp,  George  M.,  Raritan,  New  Jersey  836v 

Rasch,  O.  Anker,  Halden,  Norway  1086v 

Rasmussen,  Carl  A.,  Portland  2,  Oregon  457v 

Ratcliff,  R.  V.,  Chicago  4,  Illinois  I651v 

Rathbun,  Donald  H.,  Euclid,  Ohio  1330as 

Rauch,  August  H.,  Tacoma  4,  Washington  704v 

Rawdon,  Herb,  Wichita  17,  Kansas  2360v 

Rawson,  R.  H.,  Portland  4,  Oregon  123v 

Ray,  A.  F.  Fentress,  Corinth  1,  Mississippi  2311v 

Read,  E.  C.,  Milwaukee  7,  Wisconsin  1884a 

Reardon,  Alfred  R.,  Fresno,  California  2057v 

Reckers,  Cornelius,  Olympia,  Washington  2544v 

Recknagel,  A.  B.,  Deferiet,  New  York  703v 

Redfern,  Donald  V.,  Seattle  4,  Washington  1553s 

Redman,  Kenneth,  High  Point,  North  Carolina  3l6v 

Reed,  Robt.  E.,  Smithfield,  North  Carolina  528v 

Reese,  Thomas  J.,  New  York  6,  New  York  76v 

Reicher,  Philip  A.,  Ann  Arbor,  Michigan  2791as 

Reineke,  Lester  H.,  Madison  5,  Wisconsin  739v 

Reisen,  Clarence,  Union,  New  Jersey  1991v 

Relyea,  Harold  E.,  Ridley  Park,  Pennsylvania  1756v 

Remington,  Winfield  A.,  Hibbing,  Minnesota  1289a 

Reramers,  A.  R.,  Louisville  2,  Kentucky  2290v 

Reneaud,  George  E.,  East  Lansing,  Michigan  2507as 

Reno,  John,  Chicago  1,  Illinois  1348v 

Repsher,  Leonard,  Bloomfield,  New  Jersey  958v 

Rex,  Nugent  E.,  Salisbury,  Maryland  2008v 

Reynolds,  Maxwell  K.,  Jr.,  Marquette,  Michigan  1558a 

Rhine,  George  W.,  West  Haverstraw,  New  York  1702v 

Rhinelander  Paper  Company,  Rhinelander,  Wisconsin  2060s 
Rhodes,  H.  J.,  Pineville,  Louisiana  1327v 

Rhodes,  Harold  T.,  Lawrence,  Massachusetts  2269v 

Rhude.  Maurice  J.,  Madison,  Wisconsin  2462v 

Rice,  William  W.,  Elizabeth,  New  Jersey  1689v 

Rich,  J.  Harry,  Amherst,  Massachusetts  374v 

Richards,  A.  P.,  Duxbury,  Massachusetts  473v 

Richards,  C.  Audrey,  Madison  5,  Wisconsin  39v 

Richards,  Dean  B.,  High  Point,  North  Carolina  1960v 

Richardson,  Robert  B.,  Hickory,  North  Carolina  26l8as 

Richen,  C.  W.,  Portland  4,  Oregon  925v 

Richmond,  Ernest  D.,  Jr.,  Quincy,  Massachusetts  235v 
Richmond,  H.  T.  A.,  Bronxville  8,  New  York  2027a 

Richolson,  J.  M.,  Syracuse  10,  New  York  2798as 

Ricketson,  Gerald  B.,  Hartford  1,  Connecticut  1411v 

Riddle,  Donald  D.,  Ames,  Iowa  1812as 

Ries,  C.  D.,  Seattle  11,  Washington  2195a 

Rietz,  Raymond  C.,  Madison  5,  Wisconsin  166v 

Rigdon,  J.  Alden,  Warsaw,  Indiana  1910v 

Riggs,  O.  B.,  Sullivan,  Indiana  969v 

Riggs,  William  A.,  Mobile  5,  Alabama  251  Iv 

Rilco  Laminated  Products,  Inc.,  St.  Paul  1,  Minnesota 

1026s 

Riley,  Madison  M.,  Portsmouth,  Virginia  1825v 

Rinehimer,  Chas.  A.,  Elgin,  Illinois  27v 

Ring,  James  M.,  Syracuse,  New  York  1776as 

Ring,  Walter  C._,  Longview,  Washington  1357v 

Rinkinen,  Olavi,  Helsinski,  Mannerheimintie  9B-Finiand 

2208V 

Rion,  F.  H.,  Jr.,  Palatka,  Florida  2301v 

Ripley,  Robert  H..  Tacoma,  Washington  2645v 

Risheil,  Carl  A.,  Washington  6,  District  of  Columbia  15v 
Risi,  Dr.  Jos.,  Quebec  1588v 
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CONNOR  FOREST  PRODUCTS 

SINCE  1872 

''Laytite"  Maple  and  Birch  Flooring 
Kiln  Dried  "Flat  and  Straight" 

Maple  and  Birch  Lumber 
Rock  and  Grey  Elm 
Ash  and  Basswood — ^A.D.  or  K.D. 

Hemlock  and  Pine  Boards,  Dimension  and  Siding — K.D. 
Dimension,  Cores  and  Choir  Seat  Blanks 

CONNOR  LUMBER  and  LAND^COMPANY 

SALES  OFFICE  MARSHFIELD,  WIS. 

P.  O.  BOX  112  TEL.  #3  OR  #418 


DIXIE  LUMBER 
COMPANY,  INC. 

8201  Fig  Street 

NEW  ORLEANS  18,  LOUISIANA 

Lumber,  Plywood 
and 

Door  Distributors 


711  Equitable  Building 
Portland,  Oregon 


'9 


Pacific  Coast 
Forest  Products 
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Ritchie,  John  D.,  Tacoma,  Washington  837v 

Eitman,  C.  J.,  Cincinnati  4,  Uhio  26iiv 

Ritter,  £.  E.,  Huntington  19,  West  Virginia  2491v 

Roane,  Arthur  C.,  Jr.,  Raleigh,  North  Carolina  246}as 
Roberts,  David,  Owen  liound,  Ontario  2124v 

Roberts,  Mrs.  Marie,  Madison  ),  Wisconsin 
Roberts,  Meivin  R.,  Los  Angeles  44,  Calitornia  948v 

Roberts,  Percival  R.,  Jr.,  Newark,  Delaware  1322a 

Robertson,  Gayiord  K.,  Ames,  Iowa  1844as 

Rooertson,  J.  C.,  Swinton  Nr.  Manchester,  England  876v 

Robertson,  Neil  E.,  Tacoma  9,  Washington  606v 

Kooeson,  Louis  W.,  Los  Angeles  14,  Calitornia  1285v 

Robinson,  Alexander  J.,  Spokane  14,  Washington  787v 

Robinson,  Joseph  C.,  Everett,  Washington  2490v 

Robinson,  Lowell  V.,  Detroit  14,  Michigan  1417v 

Robison,  John  E.,  Warren,  Oregon  I62v 

Robson,  C.  Y.,  Port  Aiberni,  British  Columbia  298v 
Roche,  J.  N.,  Pittsburgh  19,  Pennsylvania  390v 

Rodger,  Geonrey  j.,  Canberra,  Australia  2178v 

Rodgers,  James  A.,  Thomasville,  North  Carolina  2706as 
Rodgers,  Jos.  L.,  New  York  17,  New  York  352v 

Rodrigue,  Jos.  A.  B.,  St.  Bonitace,  Manitoba  1238a 

Rogaia,  Edward,  Syracuse  4,  New  York  2468as 

Rogers,  Charley  J.,  East  Lansing,  Michigan  2698as 

Rogers,  Edward  R.  ,  jr..  East  Lansing,  Michigan  2328as 

Rogers,  Hugh  R.,  Fayetteville,  North  Carolina  2477v 

Rogers,  William  H.,  Seattle  6,  Washington  667v 

Roman,  Chas.,  Miami  38,  Florida  1339a 

Rombach,  Fred  W.,  Watsontown,  Pennsylvania  2534v 
Ropeiia,  Leonard  A.,  Marshfield,  Wisconsin  l647v 

Roper,  Donald  R.,  Oroville,  California  432v 

D.  M.  Rose  &  Co.,  Knoxville  4,  Tennessee  1148s 

Rose,  D.  Morton,  Jr.,  Knoxville  4,  Tennessee  1148$ 

Rose,  John  E.,  Knoxville,  lennessee  444v 

Rose,  Richard  C.,  Rutland,  Vermont  194 Iv 

Rose,  Soi  C.,  fayetteviiie.  North  Carolina  2743as 

Roth,  Louis,  Los  Angeles  1,  California  2814v 

Roth,  Victor  S.,  Oakland  12,  California  2734v 

Rothrock,  Joseph  T.,  West  Chester,  Pennsylavnia  1233v 
Rothrock,  Lenvel,  Thomasville,  North  Carolina  2786v 
Rouiier,  Phnlipe  A.,  Skonsmon,  Sweden  lllOv 

Rounds,  Ralph  M.,  Wichita,  Kansas  642v 

Rovsek,  Frank  J.,  Madison  3,  Wisconsin  2727v 

Rowe,  Alton  F.,  Jr.,  Raleigh,  North  Carolina  2681as 

Rowe,  Chas.  A.,  Sault  Ste.  Marie,  Ontario  397v 

Rowell,  Joseph  G.,  Atlanta,  Georgia  367a 

Rowney,  James  C.,  Oakland  12,  California  2603v 

Roy,  Edmund  A.,  Chicopee,  Massachusetts  2433v 

Roy,  George,  Ste.  Rose  (Laval),  Quebec  2333v 

Royer,  Jesse  C.,  Frenchville,  Pennsylvania  1346v 

Rozema,  Charles  E.,  Portland  3,  Oregon  747v 

Rubin,  Harold  F.,  Indianapolis  19,  Indiana  1992v 

Rubovits,  C.  A.,  Chicago  9,  Illinois  1230a 

Rucker,  Tinsley,  W.,  Jacksonville,  Florida  18J7v 

Ruddick,  E.  W.,  Chicago  3,  Illinois  1202v 

Ruff,  Edward,  Philadelphia  20,  Pennsylvania  2642as 

Ruhenstroth,  Willy,  Cutersloh,  Germany,  (British  Zone) 

2320a 

Runckel,  William  J.,  Portland  2,  Oregon  2690v 

Rushlight,  W.  A.,  Portland,  Oregon  2723v 

Russell,  George  F.,  Tacoma  1,  Washington  1314v 

Russell,  Myles  D.,  New  Haven,  Connecticut  2448as 

Russillo,  Mario  R.,  Providence  9,  Rhode  Island  2240v 
Russo,  Joseph  R.,  Suffern,  New  York  2043as 

Ryan,  J.  T.,  High  Point,  North  Carolina  1303a 

Ryan,  Walter  J.,  Tacoma  2,  Washington  529v 

Ryberg,  Milton  E.,  Gainesville,  Florida  480v 

Rygel,  Dan,  Dunsmuir,  California  1830v 


s 

Sackett,  H.  S.,  Portland  4,  Oregon  127v 

Sadd,  Tadgel  H.,  Maldon,  Essex,  England  2012v 

Saeman,  Jerome  F.,  Madison  3,  Wisconsin  319v 

Sagreiya,  K.  P.,  Mohan  Nagar  Nagpur,  Madhya  Pradesh, 
India  2607v 

St.  Clair,  Harry  Hull,  New  York,  New  York  892s 

Sakornbut,  S.  S.,  Lufkin,  Texas  1360v 

Sakosits,  Joseph  J.,  Hoboken,  New  Jersey  2373v 

Salomon,  Rene,  Toulouse,  Hatue-Garonne,  France  2468v 
Salquist,  Lyle  W.,  Portland  3,  Oregon  2209v 

Salt,  Albert  A.,  Baltimore  23,  Maryland  l624v 

Salzler,  John  H.,  Springville,  New  York  2629as 

Sampert,  Herbert  C.,  Medford,  Oregon  1732v 

Sampson,  J.  A.,  Grand  Rapids,  Michigan  2323v 

Sandberg,  Lynn,  Hibbing,  Minnesota  20l3v 

Sandborn,  L.  T.,  Crossett,  Arkansas  406v 

Sander,  John  B.,  Syracuse  10,  New  York  2829as 

Sanders,  Edward  H.,  Cleveland  11,  Ohio  I6^v 

Sanders,  H.  B.,  Union,  Illinois  ,  1347v 

Sanders,  Parker  D.,  Redwood  Falls,  Minnesota  2397a 


Sanders,  W.  C.,  Ottawa,  Illinois  963v 

Sanderson,  Leslie  G.,  Louisville  11,  Kentucky  768v 

Sands,  Waldo  M.,  Grand  Rapids  6,  Michigan  2238v 

Sandstrom,  Sven  G.,  Stockholm,  Sweden  372v 

Santoro,  W.  E.,  Staten  Island  6,  New  York  790v 

Sarvis,  James  C.,  Corvallis,  Oregon  2l43as 

Sawyer,  E.  L.,  Peshastin,  Washington  1738v 

Sawyer,  John  T.,  Everett,  Washington  2329as 

Schaaf,  Karl,  Rockford,  Illinois  1846a 

Schaffer,  Leslie  F.,  Vancouver,  British  Columbia  1067v 
Schall,  Walter  M.,  Kankakee,  Illinois  381v 

Scheffer,  Theodore  C.,  Madison  3,  Wisconsin  766v 

Schiff,  George,  Newcastle-on-Tyne,  England  1309v 

Schildge,  Paul  R.,  Ann  Arbor,  Michigan  178Jas 

Schlegel,  W.  K.,  Green  Bay,  Wisconsin  1729v 

Schlener,  William,  Brooklyn  22,  New  York  1391v 

Schlueter,  Robert  H.,  Cincinnati  2,  Ohio  1623v 

Schlyter,  Ragnar,  Stockholm  4,  Sweden  1074v 

Schmeichel,  N.  L.,  Two  Rivers,  Wisconsin  2334v 

Schmeling,  Albert  G.  Rockford,  Illinois  2843v 

Schmitt,  Walter  H.,  Detroit  7,  Michigan  1028v 

Schneider,  Eric  J.,  Chicago  3,  Illinois  U72a 

Schneider,  Hans,  Hammond,  Louisiana  1636v 

Schneider,  Louis,  Washington,  New  Jersey  2381v 

Schoen,  Paul  W.,  Valdosta,  Georgia  2830v 

Schofield,  W.  R.,  San  Francisco,  California  1734v 

Schomburg,  T.  W.,  Denver  7,  Colorado  1838v 

Schowalter,  Wilbert  E.,  Winnfield,  Louisiana  740v 

Schrader,  O.  Harry,  Jr.,  Seattle,  Washington  98v 

Schram,  J.  F.,  Detroit  14,  Michigan  206v 

Schreiber,  Alexander,  Chicago  22,  Illinois  391v 

Schubert,  B.  L.,  Jr.,  Lawrence,  Massachusetts  2326v 

Schulist,  I.  A.,  Detroit  7,  Michigan  1061a 

Schultz,  Charles  D.,  Vancouver,  British  Columbia  1233v 
Schur,  Milton  O.,  Pisgah  Forest,  North  Carolina  171a 
Schwalb,  Arthur,  Yonkers  3,  New  York  2801as 

Schwaner,  Robert  M.,  Ann  Arbor,  Michigan  1740as 

Schwartz,  Paul  R.,  Rockmart,  Georgia  1609v 

Schweitzer,  Louis,  New  York  17,  New  York  1806v 

Sciascia,  Matthew,  Washington  19,  District  of  Columbia 

228v 

Scott  Lumber  Co.,  Inc.,  Burney,  California,  1430s 

Scott,  Paul  L.,  Willow  Run,  Michigan  '  2792as 

Seaquist,  Elbert  D.,  St.  Louis  Park  16,  Minnesota  2423as 
Sears,  Joseph  N.,  Sacramento,  Calitornia  1761v 

Seaver,  E.  D.,  Los  Angeles  11,  California  1433s 

Seborg,  Ray  M.,  Madison  3,  Wisconsin  2000v 

Sechrist,  James  F.,  Red  Lion,  Pennsylvania  lOOIv 

Seeley,  Lauren  E.,  Durham,  New  Hampshire  37v 

Seguin,  J.  F.,  Montreal  23,  Quebec  469v 

Seidel,  Gus  A.,  Mellen,  Wisconsin  1187v 

Seidel,  Herbert,  Brooklyn,  New  York  1493v 

Sekhar,  A.  C.,  New  Delhi,  India  983v 

Selbo,  Magnus  L.,  Madison  3,  Wisconsin  762v 

Sellers,  George,  Chciago  22,  Illinois  1340s 

H.  &  A.  Selmer  Inc.,  New  Castle,  Indiana  2077s 

Semling,  Emil,  Merrill,  Wisconsin  194v 

Scmmens,  G.  S.  C.,  Melbourne,  Australia  1107a 

Seplowin,  Benjamin,  Middletown,  New  York  I330v 

Setel,  Lee  S.,  Ellij^,  Georgia  I836v 

Shafer,  Elmer  G.,  Binghamton,  New  York  2623v 

Shank.  Paul  J.,  Honduras,  Central  America  1330v 


Shankiin,  John  F.,  Washington  23,  District  of  Columbia 

86v 
427v 


1133s 
886a 
34 3 V 
21l6v 
2368V 
2068v 
1536a 
243v 
378v 
2409as 
317v 
889v 
333v 
1923as 
2148a 
1736v 
I673v 
2744v 
138v 
2065V 
791v 
1463s 
2768v 
I336v 
1778v 


Shanks,  E.  C.,  Baltimore  3,  Maryland 

Sharp,  A.  W.,  Columbus  13,  Ohio 
Sharp,  R.  F.,  Menmhis  10,  Tennessee 
Shattuck,  Daniel  W.,  Indianapolis  2,  Indiana 
Shaw,  Gale  H.,  Stowe,  Vermont 
Sheip,  Stanley,  Chattahoochee,  Florida 
Shellnut,  F.  B.,  Philadelphia,  Pennsylvania 
Shellworth,  E.  W.,  Boise,  Idaho 
Shepard,  Harold  B.,  Boston  6,  Massachusetts 
Shepard,  Wm.  C.,  Berlin,  Connecticut 
Sheppard,  Harry  R.,  Pittsburgh  13,  Pennsylvania 
Shim,  Chong  Supp,  New  Haven,  Connecticut 
Shipley,  Grant  B.,  Pittsburgh  19,  Pennsylvania 
Shipley,  L.  B.,  New  York  17,  New  York 
Short,  Robt.  D.,  Baton  Rouge,  Louisiana 
Showalter,  James  R.,  Louisville,  Kentucky 
Shpilner,  Isaac,  Tel-aviv,  Israel 
Shreck,  Ray  E.,  San  Francisco  4,  California 
Siimes,  Feliks  E.,  Helsinki,  Finland 
Simeone,  R.  J.,  Madison  3,  Wisconsin 
Simmonds,  Herbert  J.,  New  York  20,  New  York 
Simmons,  Fred  C.,  Upper  Darby,  Pennsylvania 
Simpson,  A.  L.,  Toledo  9,  Ohio 
Simpson  Logging  Co..  Shelton,  Washington 
Simpson,  H.  V.,  Portland  3,  (Dregon 
Sims,  Gordon  B.,  Piqua,  Ohio 
Sisam,  J.  W.  B.,  Toronto,  Ontario 
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Telephone  Jefferson  5-4490 


TREEN  BOX  CO. 

Tioga  and  Memphis  Sts. 

Philadelphia  34,  Pa. 

Manujacturers  and  Wholesalers  of 
WOODEN  BOXES  OF  EVERY  DESCRIPTION 
LUMBER  AND  ALLIED  PRODUCTS 


OVER  21  ACRES  OF  FLOOR  SPACE 


Superior  Unit  Wood  Windows  •  Bilt-W ell  Interior  Doors  •  Bilt-Well  Exterior  Doors  • 
Nu-Style  Kitchen  Cabinets  •  Bilt-Well  Entrances  •  Bilt-Well  Shutters  •  Clos-tite  Case¬ 
ments  •  Bilt-Well  Combination  Doors  •  Bilt-Well  Basement  Windows  •  Bilt-Well  Louvres 
and  Gable  Sash  •  Carr-dor  Overhead  Garage  Doors  •  Bilt-Well  Corner  Cabinets  •  Bilt- 
Well  Storm  Sash  •  Bilt-Well  Screens  •  Gli-dor  Cabinets  •  Bilt-Well  Medicine  Cabinets 
•  Bilt-Well  Ironing  Board  Cabinets  •  Bilt-Well  Mantels  •  Bilt-Well  Telephone  Cabinets  • 
Bilt-Well  Stair  Parts  •  Bilt-Well  Unit  Linen  Cabinets  •  Bilt-Well  Breakfast  Nooks. 


Clay  Brown  &.  Company 

(incorporated) 

P^u^dudU 

U.  S.  NATIONAL  BANK  BUILDING  •  PORTLAND  4,  OREGON 

MILLS:  FORTUNA,  HUMBOLDT  COUNTY,  CALIFORNIA 
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Skaax.  Christian,  Syracuse  10,  New  York  1048v 

Skaarup,  Allen  F.,  Cranford,  New  Jersey  2699as 

Skala,  J.,  Minneapolis  11,  Minnesota  lOllv 

Skalley,  L.  N.,  Portland  4,  Oregon  1698a 

Skiermerud,  Halvor,  Oslo,  Norway  2742v 

Skomski,  Anthony  J.,  Detroit  3,  Michigan  1333as 

SkytU,  Ernest  M.,  Seattle  14,  Washington  2492v 

Slater,  James  P.,  Jr.,  umaha,  Nebraska  2439as 

Sli^,  Charles  R.,  Jr.,  Grand  Rapids  2,  Michigan  1054a 
Slingluff,  C.  H.,  Portsmouth,  Virginia  779v 

Smiley,  R.  W.,  Madison  5,  Wisconsin  I6l2v 

Smith,  B.  C.,  Port  Townsend,  Washington  257lv 

Smith,  Charles  E.,  Bund  River,  Ontario  2422v 

Smith,  Don  P.,  Loudon,  Tennessee  2350v 

Smith,  Donald  S.,  Vancouver,  British  Columbia  2253v 

Smith,  Frank  B.,  Midland,  Michigan  1559$ 

Smitn,  i-rank,  J.,  New  tork  17,  New  York  191ov 

Smith,  Gerald  H.,  Syracuse  10,  New  York  2054v 

Smith,  H.  D.,  Halifax,  Nova  Scotia  2563v 

Smith,  Harvey  H.,  Richmond,  California  858v 

Smith,  James,  Los  Angeles  54,  California  1179s 

Smith,  j.  Howard,  Syracuse  10,  New  York  2833as 

Smitn,  J.  H.  G.,  New  Haven,  Connecticut  1807as 

Smith,  L.  W.,  Washington  16,  District  of  Columbia  511v 

Smith,  M.  P.,  Victoria,  British  Columbia  445v 

Smith,  Norman  F.,  Lansing  13,  Michigan  1139v 

Smith.  Ralph  L.,  Kansas  Citv  6,  Missouri  1625v 

Smith,  Remus,  High  Point,  North  Carolina  1962v 

Smith,  Richard  E.,  Pittstord,  New  York  1772v 

Smith,  Richard  M.,  Tulelake,  California  2435v 

Smith,  Robert  L.,  Tacoma,  Washin^on  2155v 

Smith.  S.  G.,  Vancouver,  British  Columbia  362v 

Smith,  Stephen  K.,  Altavista,  Virginia  1349v 

Smith,  Sterling  S.,  Seattle  8,  Washington  2252v 

W.  T.  Smith  Lumber  Co.,  Chapman,  Alabama  1488s 

Smith,  Walter  W.,  Gillett,  Wisconsin  987v 

Smith,  Waiton  R.,  Mebane,  North  Carolina  572v 

Snell,  Harry  C.,  San  Francisco  5,  California  2717v 

Snell,  Peter  W.,  Albion,  New  York  2769v 

Snider,  Robt.  F.,  Columbus  13,  Ohio  489v 

Snodgrass,  James  D.,  Corvallis,  Oregon  185v 

Snyder,  Andrew  J.,  Tuscaloosa,  Alabama  354v 

Snyder,  Francis  H.,  Bethel,  Connecticut  1013v 

Snyder,  Lloyd  I.,  Hackensack,  New  Jersey  l431v 

Snyder,  Robert  E.,  Detroit  3,  Michigan  2595as 

Soderlind,  Don,  Kosmos,  Washington  1770v 

Soderstrom,  Duayne  M.,  Fontana,  California  2621as 

Soehner,  H.  C.,  Louisville,  Kentucky  2231v 

Sommer,  Anton  J.,  Lynwood,  California  1049v 

Soper,  James  P.,  Jr.,  Chicago  2,  Illinois  838v 

Sorensen,  Chris  P.,  Westerly,  Rhode  Island  l695v 

Soule,  Charles,  Pensacola,  Florida  2137v 

UniversiN  of  Southern  California,  Librarian,  Los  Angeles  7, 
California  1817a 

Southern  Wood  Preserving  Co.,  Atlanta,  Georgia  1150s 
A.  G.  Spalding  &  Bros.,  Inc.,  Chicopee,  Massachusetts 

1205s 

Spalti,  Horace  D.,  Dallas,  Texas  2362v 

Spaulding,  T.  C.,  Missoula,  Montana  54v 

Speairs,  K.  K.,  Jr.,  Shreveport,  Louisiana  2803v 

Speitz,  M.  H.,  Memphis,  Tennessee  2333v 

Sperhake,  Neal  G.,  Iron  Mountain,  Michigan  1794v 

Sperry,  Stanly  S.,  Albertson,  Lom  Island,  New  York  1877v 
Spieldenner,  K.  L.,  Painesville,  Ohio  1242v 

Spinnegan,  William  F.,  Detroit  2,  Michigan  1730v 

Spiwack,  Lazarus,  Bethel,  Connecticut  1014v 

Sporly,  C.  M.,  St.  Paul  8,  Minnesota  490v 

Sprague,  Edward  D.,  Durham,  North  Carolina  1377v 
Sprangers,  Leonard  D.,  Rochester  7,  New  York  2567v 
Spratlen,  Sanford  O.,  Portland  3,  Oregon  2535v 

Sprenger,  Gerald  E.,  Coleman,  Michigan  2622as 

Springate,  Norman  C.,  New  Westminster,  British  Columbia 

17l4v 

Sprott,  C.  H.,'  Lufkin,  Texas  363v 

Sproull,  Reavis  C.,  Birmingham,  Alabama  1030v 

Sprunger,  Harold  D.,  Berne,  Indiana  2693v 

Sprunger,  Harold  D..  Ann  Arbor,  Michigan  2135as 

Sprunger,  Roger  L.,  Berne,  Indiana  2731a 

Spurlock,  Harold  N.,  Fayetteville,  North  Carolina  264lv 
Spurr,  A.  Roy,  Giscome,  British  Columbia  I420v 

Stacey,  W.  A.,  Lawrence,  Kansas  499v 

Stair,  J.  Wm.,  York,  Pennsylvania  2214a 

Staky,  C.  E.,  Wausau,  Wisconsin  1987s 

Stamm,  Alfred  J.,  Madison  5,  Wisconsin  i2Iv 

Stamm.  Edward  P.,  Portland  4,  Oregon  729v 

.Stanfield.  Wesley  C.,  Corvallis,  Oregon  2627as 

Stanley,  George,  La  Grange  Park,  Illinois  261  Iv 

Sunton.  LeRoy,  Jr.,  Los  Angeles  34.  California  265v 

Stapley,  George  H.,  South  Haven,  Michigan  1212s 

Stark,  trie  W.,  Lafayette,  Indiana  590v 

Stauss,  Jos»h  F.,  Benton,  Pennsylvania  1726v 

Sta-Warm  mectric  Co.,  Ravenna,  Ohio  1183s 


Stearns,  Delbert  M..  Bethel,  Vermont  1131s 

Stearns,  Jos.  L.,  Jr.,  Washington  19,  District  of  Columbia 

229v 

Steel,  Joseph  I.,  North  Portland,  Oregon  339v 

Steen,  W.  L.,  Grand  Rapids  3,  Michigan  2216v 

Ste^er  Furniture  Mfg.  Co.,  Steger,  Illinois  2294s 

Steidle,  Harry  H.,  Washington  6,  District  of  Columbia  34v 
Stein,  Lester,  Chicago,  Illinois  2166v 

Stein,  Russel  M.,  New  York  19,  New  York  401v 

Steinbauer,  W.  M.,  Chicago  4,  Illinois  2113a 

Steiner,  Albert  B.,  Dr.,  Vancouver,  British  Columbia  797v 
Steinbaus,  Max,  Los  Angeles  3,  California'  635v 

Steinway,  Theodore  D.,  Long  Island  City  5,  New  York 

1161v 

Stelling,  Carl  H.,  Cleveland,  South  Carolina  1943v 

Stem,  Richard  K.,  New  Albany,  Indiana  85v 

Stepanek,  Chas.  H.  B.,  Flushing,  New  York  976v 

Stepbai^  John,  Seattle  4,  Washington  2720v 

Stern,  £.  George,  Blacksburg,  Virginia  429v 

Stetson-Ross  Machinery  Co.,  Seattle,  Washington  1662s 
Stevens,  Clifford  A.,  New  York,  New  York  239v 

Stevens,  Frank  F.,  Waco,  Texas  1291s 

Stevens,  jay  M.,  Washington  23,  District  of  Columbia  658a 

503v 
474v 
522v 
1946v 
1278a 
2760v 
2599V 
289v 
1400s 
695v 
304v 
1572V 
l672a 
2199a 
407v 
170v 
118v 
2653V 
2308V 
1977V 
1380s 
198v 
1545V 
81  Iv 
1130V 
2306as 
828v 
2719V 
1602V 
2471V 
2711V 
2677V 
1774v 
730v 


Stevens,  Stanley  F.,  Two  Rivets,  Wisconsin 
Stevens,  W.  O.,  Seattle  1,  Washington 
Stewart,  Fred  J.,  Hollywood,  Florida 
Stewart,  lames  E.,  Minneapolis,  Minnesota 
Stewart,  Kenneth  S.,  Dailey,  West  Virginia 
Stilley,  W.  A.,  Jr.,  Conway,  South  Carolina 
Stiilinger,  John  R.,  Corvallis.  Oregon 
Stimson,  John  J.,  Huntingburg,  Indiana 
Stimson  Lumber  Co.,  Forest  Grove,  Oregon 
Stinchfield,  T.  B.,  Hoquiam,  Washington 
Stivers,  Earl  R.,  Rockaway,  New  Jersey 
Stobbe,  Robert  A.,  Adrian,  Michigan 
Stock,  R.  C.,  Kitchener,  Ontario 
Stockton,  R.  M.,  Winston-Salem  1,  North  Carolina 
Stoker,  Richard  S.,  Detroit  26,  Michigan 
Stolle,  Arthur  E.,  Chicago  30,  Illinois 
Stone,  Clarence  D.,  Seattle  4,  Washington 
Stone,  D.  L.,  Jr..  Waynesboro,  Georgia 
Stone,  James  R.,  St.  Paul,  Minnesota 
Storms,  James  E.,  Crouch,  Idaho 
Stone,  N.  S.,  Mosinee,  Wisconsin 
Stout,  Albert  W.,  Portland  2,  Oregon 
Stover,  M.  M.,  Seattle  8,  Washington 
StrandbeK,  Eric  W.,  Philadelphia  22,  Pennsylvania 
Strong,  Casper,  Chicago  1,  Illinois 
Stroupe,  Hugh  I.,  Berkeley  6,  California 
Stuart,  Alexander.  Grand  Rapids,  Michigan 
Stuart,  Alfred  I.,  Portland  13,  Oregon 
Stucker,  John  H.,  West  Helena,  Arkansas 
Stuckey.  Joe  H.,  Bay  Minette,  Alabama 
Succar,  Jorge  R.  Lima,  Peru 
Sucre,  Antonio  J.,  Panama,  Rep.  of  Panama 
Suder,  Frank  Eagle  River,  Wisconsin 
Sugarman,  Nathan,  Atlanta,  Georgia 
Summerbell  Roof  Structures,  Los  Angeles  11,  California 

Susil,  Frank,  Blacklick,  Ohio 
Sutton,  Claude  S.,  Greensboro,  North  Carolina 
Sutton,  J.  W.,  Chireno,  Texas 
Sutton,  r.  O.  &  Sons,  Chireno,  Texas 
Suvarnasuddhi,  Khid,  Bangkok,  Siam 
Svien,  Thomas  A.,  Ames,  Iowa 
Swain.  Burton  F.,  Jr.,  Seymour,  Indiana 
Swain,  Lewis  C.,  Durham,  New  Hampshire 
Swamy,  Krishna  S.,  New  Haven  11,  Connecticut 
Swanson,  David  W.,  Willow  Run,  Michigan 
Swanson,  Robert  W.,  Portland  4,  Oregon 
Swanson,  S.  E..  Boston  16,  Massachusetts 
Swanson,  W.  H.,  NMnah,  Wisconsin 
Sward,  G.  G.,  Washington  5,  District  of  Columbia 
Sweeney,  John  H.,  Chicago  22.  Illinois 
Sweet,  Carroll  V.,  Madison  5,  Wisconsin 
Sweet.  Robert  L.,  Kansas  City  8,  Missouri 
Swinden,  J.  N.,  Fort  William,  Ontario 
Swinehart,  L.  O.,  Oroville,  California 
Syska,  Arthur  D.,  State  College,  Pennsylvania 
Syversen,  Geo.  M.,  Chicago  2,  Illinois 


! 


2843V 
2847V 
1339s 
1339s 
2182a 
1782as 
56v 
81 5v 
2134as 
I433as 
^8v 
2215v 
13v 
249v 
593v 
94v 
2314v 
1630s 
975v 
1364v 
210v 


Tamesis.  Florencio,  Manila,  Philippines  904v 

Tamminga,  S.  W.,  Grand  Rapids  2,  Michigan  392v 

Taras,  Michael  A.,  Middleton,  Wisconsin  1023v 

Tatem,  Stewart  M.,  Eastford,  Connecticut  1886v 

Taube,  Albert  H.,  Ames,  Iowa  181 3as 

Taylor,  A.  B.,  Spartanburg,  South  Carolina  822v 

Taylor,  Robert  Brooks.  Fort  Wayne,  Indiana  248v 

Taylor,  William  H.,  Jr.,  Philadelphia  35,  Pennsylvania 

2614v 
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HUTTIG  SASH  AND  DOOR  COMPANY 

RcscmvIi  md  Product  Developmont  Division 

MILLWORK  and  BUILDING  PRODUCTS 


Warehouses  and  Assembly  Plants 


Birmingham,  Ala. 
Columbus,  Ohio 
Jacksonville,  Fla. 
Louisville,  Ky. 
Afiami,  Fla. 


Chcnlotte,  N.  C. 
Dallas,  Texas 
Knoxville,  Tenn. 
Memphis,  Tenn. 
Rocmoke,  Va. 


Production  Plants 

Missoula,  Mont. 
Portland,  Ore. 

St.  Louis,  Mo. 


St.  Louis,  Mo. 

General  Offices:  1206  S.  Vandeventer  Ave.,  St.  Louis,  Mo. 


Lumber  Manufacturers  and  Tree 
Farmers  of  Both  Hardwood 
and  Pine 

Oak  Flooring,  a  Specialty 


For  a  truly  good  floor 

NORTHERN 
HARD  MAPLE 

truly  economical 
truly  modern 
truly  resilient 


Cbe  ifiranta 
Humber  Company 


URANIA,  LA. 


MAPLE  FLOORING 
MANUFAaURERS  ASSN. 

CHICAGO  I,  ILLINOIS 
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Tegge,  A.  R.,  Jr.,  Minneapolis  Minnesota  *  711v 

Tennessee  Products  &  Chemical  Corp.,  Nashville  3,  Ten¬ 
nessee  1100s 

Tenzier,  H.  E.,  Tacoma  2,  Washington  2700v 

Terch,  Lawrence  P.,  San  Francisco  4,  California  2348v 
Terry,  Edward  H.,  Los  Angeles  43,  California  1713v 

Tew,  James  K.,  East  Lansing,  Michigan  2463as 

Thaden,  H.  V.,  Roanoke,  Virginia  272v 

Thiessen,  Gilbert,  Pittsburgh  19,  Pennsylvania  965v 

Thoits,  Robert,  Grand  Rapids  2,  Michigan  2137v 

Thomas,  A.,  Kuala  Lumpur,  Federation  of-  Malaya  1382v 
Thomas,  David  P.,  Seattle  5,  Washington  417v 

Thomas,  F.  H.,  Chicago  28,  Illinois  1383v 

ThotAason,  B.  H.,  Fayetteville,  North  Carolina  2387v 

Thomasville  Chair  Co.,  Thomasville,  North  Carolina  1680s 
Thompson,  Charles  C.,  Madison  3,  Wisconsin  483v 

Thompson,  C.  L.,  San  Francisco  4,  California  832v 

Thompson,  Cedric  G.,  Hartford  3,  Connecticut  799v 

Thompson,  Robert  E.,  Klamath  Falls,  Oregon  2006as 

Thornton,  Arthur  H.,  Sioux  Fails  1,  South  Dakota  1764v 
Thunell,  Bertil,  Stocksund,  Sweden  923v 

Thurner,  John  T.,  Louisville  9,  Kentucky  2032v 

Thweatt,  H.  D.,  Buffalo,  New  York  2312v 

Thyen,  H.  E.,  Jasper,  Indiana  2130v 

Tidball,  Ronald  R.,  Eaton,  Colorado  2808as 

Tigelaar,  Jac.  H.,  Grand  Rapids,  Michigan  14v 

Tiller,  W.  E.,  Little  Rock,  Arkansas  1478v 

Tillotson,  James  III,  Jamestown,  New  York  2198v 

Timber  Structures,  Inc.,  Portland  8,  Oregon  1222s 

Timm,  John  L.,  Sandpoint,  Idaho  34lv 

Timmerman,  Karl  G.,  Fayetteville,  New  York  1306v 

Tinker,  Arthur  A.,  Brooklyn  6,  New  York  1919v 

Tinker,  E.  W.,  New  York  17,  New  York  334v 

Tinker,  George  H.,  Chicago  14,  Illinois  1248a 

Titus,  Reginald  T.,  Milwaukie,  Oregon  739v 

Todd,  Arthur  S..  Jr.,  Asheville,  North  Carolina  1773v 

Todd,  J.  Z.,  Oakland  7,  California  I6l9v 

Tolle,  Siegfried  W.,  Pownal,  Vermont  1621v 

Tomback,  Harold  N.,  La  Follette,  Tennessee  2718v 

Tomford,  William  J.,  Memphis,  Tennessee  l667v 

Toole,  Allen  D.,  San  Francisco,  California  2426v 

Toole,  Arlie  W.,  Hancock,  Michigan  2438v 

Torek,  Victor,  Les  Usines  Torek  a  Deinze,  Belgium  738v 
Torgeson,  Oscar  W.,  Madison  3,  Wisconsin  782v 

Torricelli,  Edwardo,  Santiago,  Chile  1034a 

Tousley,  Fred  J.,  Vernonia,  Oregon  748v 

Tower,  Gordon  Eugene,  Forest  Grove,  Oregon  348v 

Trayer,  Geo.  W.,  Washington  23,  District  of  Columbia 

31v 

Treskow,  Robert  E.,  Herkimer,  New  York  2322v 

Treyz,  G.  Victor,  Cook  Falls,  New  York  1307v 

Tripp,  Charles  C.,  Raleigh,  North  Carolina  2380as 

Trivedi,  S.  A.,  Bombay  1,  India  1663v 

Trom,  Alfred  F.,  Corvallis,  Oregon  2324as 

Troop,  B.  S.,  Hartford  3,  Connecticut  1261as 

Trott,  Harold  W.,  Los  Angeles  43,  California  2733v 

Troxell,  Harry  E.,  Jr.,  Fort  Collins,  Colorado  l622v 

Truax,  Thos.  R.,  Madison  3,  Wisconsin  74v 

Tufts,  Nathan,  Greenfield,  Massachusetts  2104v 

Tully,  James,  New  York  16,  New  York  2603v 

Turley,  C.  D..  Chicago,  Illinois  939v 

Turner,  Ben  M..  Cordale,  Georgia  1631v 

Turner,  Frederick  J..  Brattleboro,  Vermont  1779v 

Turner,  H.  Dale,  Madison,  Wisconsin  771v 

Tyden,  Hilding,  Sundsvall,  Sweden  2383v 

Tynan,  James  N.,  Chicopee,  Massachusetts  1203s 


u 

Uhl,  Harry  G.,  Washin^on  6,  District  of  Columbia  230v 
Ulfsparre,  Sixten,  Ornskoldsvik,  Sweden  2039v 

United  States  Plywood  Corp.,  New  York  18,  New  York 

2702s 

U.  S.  Steel  Corporation  of  Delaware,  New  York  6,  New 
York  1322s 

Upham,  Gilbert  B.,  Los  Angeles  11,  California  664v 

Upson,  W.  H.,  Jr.,  Lockport,  New  York  327v 

Urcelay,  Javier,  Merida,  Yucatan,  Mexico  1830v 

Ursic,  Stanly  J.,  Milwaukee  14,  Wisconsin  2696as 

Uschmann,  Curt,  Lebanon,  Oregon  1321a 


V 

Vail,  Edward,  Kew  Gardens  13,  New  York  1936v 

Van  Allen,  L.  R.,  Chicago  10,  Illinois  1881a 

Van  Allen,  Ralph  G.,  West  liFayette,  Indiana  I393as 

Van  Beckum,  W.  G.,  Longview,  Washington  477v 

Vance,  Paul  N..  St.  Helens,  Oregon  l63v 

Vandervoort,  John  E.,  Coloma,  Michigan  2683as 

Van  Epps,  Clarence  F.,  Rochester,  New  York  1801v 

Van  Fleet,  Clark  C.,  Myrtle  Creek,  Oregon  234v 


Van  Galen,  John,  Grand  Rapids,  Michigan  2446v 

Van  Hoorick,  L.,  Brussels,  Belgium  624v 

Van  Kieeck,  Arthur,  Madison  3,  Wisconsin  2036v 

Van  Metre,  Ricker,  Chicago  6,  Illinois  I42v 

Van  Ness,  R.  A.,  Chicago  4,  Illinois  431v 

Van  Orden,  R.  R.,  Scottsburg,  Oregon  1906v 

Van  Ormer,  William  K.,  Niagara  Falls,  New  York  1377a 
Varieur,  Wilfred  E.,  Providence,  Rhode  Island  763v 

Varossieau,  Dr.  W.  W.,  The  Hague,  Holland  793v 

Vasiev,  0>e  E.,  Kirkland,  Washington  I798as 

Vaughan,  John  Bassett,  Raleigh,  North  Carolina  2816as 
Vaughan,  J.  A.,  Atlanta,  Georgia  1130s 

Vaugnan,  Kobert  W.,  bumner,  Washington  831v 

Vaughan,  'Ihomas  H.,  Hampton,  South  Carolina  603v 
Vaughn,  Harris  E.,  Reno  Nevada  2780s 

Vaughn  Millwork  Co.,  Reno,  Nevada  2780s 

Veitn,  James  A.,  Brooklyn  8,  New  York  2664v 

Velepec,  Fred  M.,  Brooklyn  27,  New  York  1383v 

Venkatadas,  R.,  Syracuse  10,  New  York  1998as 

Venne,  Stanley  R.,  Gladstone,  Michigan  2390v 

Verbeck,  Arthur  R.,  Great  Kills,  Staten  Island  (B),  New 
York  2030as 

Verstraete,  Stanley  A.,  Syracuse  10,  New  York  2023as 

Videto,  Harris  E.,  Fredericton,  New  Brunswick  1703v 

Viens,  Henry  J.,  Hartford  6,  Connecticut  2338v 

Vieser,  Carl  F.,  Camden,  New  Jersey  1138v 

Villasenor,  Roberto,  East  Ann  Arbor,  Michigan  1818as 
Villaume,  Frank  E.,  St.  Paul  1,  Minnesota  1793v 

Violette,  J.  Leith,  Cooperstown,  New  York  48v 

Vogel,  Frederick  H.,  Auburn,  Alabama  26v 

Von  Breton,  Hamilton.  Los  Angeles  38,  California  432v 
Von  Maltitz,  H.  K.,  Chicago  o,  Illinois  1922v 

Vonnegut,  Anton,  Indianapolis  2,  Indiana  1873a 

Voss,  Walter,  Cambridge,  Massachusetts  788v 

Votey,  Chas.  H.,  Brooklyn  6,  New  York  636v 

Vousden,  John  A.,  Homerville,  Georgia  1361v 

Vyse,  T.  A  .Elbert,  Chicago  6,  Illinois  1083v 


W 


Wackerman,  Prof.  A.  E.,  Durham,  North  Carolina  2076v 
Waddington,  William  H.,  Chicago  49,  Illinois  660v 

Wacle,  Herold  E.,  Tillamook,  Oregon  1866v 

Wadsworth,  B.  B.,  New  York  17,  New  York  2138v 

Wagner,  Corydon,  Tacoma  2,  Washington  2l4v 

Wagner,  Richard  J.,  Ann  Arbor,  Michigan  2320a$ 

Wahlman,  Victor  W.,  Eugene,  Oregon  2734v 

Waidman,  Clemens,  Bay  bhore.  Long  Island,  New  York 

1239a 

Walker,  Charles  E.,  Toledo  6,  Ohio  2163a 

Walker,  Ray,  Raleigh,  North  Carolina  2l49as 

Wall,  F.  Allen,  Portland  12,  Oregon  2796v 

Wallace,  James  A.,  Jasper,  Indiana  139v 

Wallace,  Lewis  C.,  Birmingham  3,  Alabama  1191v 

Wallace,  Wm.  T.,  Peru,  Indiana  833a 

Wallace,  Donald  A.,  Washington  6,  District  of  Columbia 


1102V 

Wallin,  Merwin  J.,  New  Brighton,  Minnesota  2421v 

Wallin,  Walter  B.,  Minneapolis  14,  Minnesota  l430as 

Walters,  Charles  L.,  Asbury  Park,  New  Jersey  2119v 

Walters,  Charles  S.,  Urbana,  Illinois  18v 

Walters,  D.  W.,  Spokane,  Washington  1889v 

Walton,  A.  T.,  Sheiton,  Washington  1797v 

Wangaard,  Frederick  F.,  New  Haven,  Connecticut  848v 
Ward^,  D.  E.,  Gaiax,  Virginia  2406v 

Ward,  Duane  Emery,  Jr.,  Raleigh,  North  Carolina  2820as 
Ward,  George  B.,  Jr.,  Anacortes,  Washington  192 Iv 

Ward,  Tom  D.,  Wellington,  New  Zealand  2079a 

Ware,  G.  G.,  Leesburg,  Florida  2849v 

Ware,  R.  N.,  Jr.,  Taliulah  Louisiana  2270v 

Warg,  Sam  A..  Roseburg,  Oregon  1803a 

Warne,  Neale,  Seattle  4,  Washington  2262v 

Warren,  Richard  L.,  Corvallis,  Oregon  2067as 

Warwick,  C.  Herb,  Portland  17.  Oregon  2444v 

Washburn,  G.  R.,  Menominee,  Michigan  2380v 

Wasteberg.  L.  G.,  Stockholm,  Sweden  2106v 

Waters,  Vincent  F.,  Atlanta,  Georgia  212v 

Watkins,  J.  R.,  New  Haven,  Connecticut  2089v 

Watson,  A.  Warren,  Elizabeth  3,  New  Jersey  2413as 

Watson,  Kenneth  M.,  North  Tonawanda,  New  York  1321as 
Watson,  Ovid  G.,  Raleigh,  North  Carolina  2673as 

Watt.  William  Edward,  Pretoria.  South  Africa  1020v 
Watts,  Menard.  Shreveport,  Louisiana  727v 

Watts,  Paul,  Cincinnati  2,  Ohio  1324v 

Wayman,  Paul,  Chicago  4,  Illinois  946v 

Weant,  Robert  D..  High  Point,  North  Carolina  2479v 
Webb,  James  R.,  Detroit,  Michigan  2l47v 

Weber,  R.  F.,  Chicago  9,  Illinois  2031v 

Weber,  Wallace  W.,  San  Anselmo.  California  91v 

Webster,  Ora  S.,  New  Rochelle,  New  York  1839a 

Weekman,  Stig,  Karihaara,  Finland  2377v 
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"Specialists  in  Fraud  Resisting  Papers, 
including  Currency,  Postage  Stamps, 
Internal  Revenue  Stamps,  Bank  Checks 
and  other  purposes  where  Security  is 
essential." 


PAPER  CORPORATION  o/ UNITED  STATES 

ROCKEFELLER  CENTER— INTER  NATIONAL  BUILDING  -  630  Fifth  Ave.,at  SO'^'St. 

NEW  YORK  20,  N.Y. 


ROBBINS 
FLOORING  CO. 

Manufacturers 

Hardwood  Flooring,  All  Types — 
"Ironbound  Blocks” 

Mills: 

ISHPEMING,  MICHIGAN 
and 

REED  CITY,  MICHIGAN 
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SCOHDALE  WOOD 
PRODUCTS,  INC 

Dexter  Brand 

Kiln  Dried  Hardwood 
Flooring 
Trim 

Technical  Wood  Floor 

Scottdale,  Pennsylvania 
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Weddell,  David  S.,  Seattle  4,  Washin^on  1927v 

Wexner,  Henry  W,,  Tacoma  2,  Washington  666v 

Wehne,  Armin  A.,  Coos  Bay,  Oregon  2521v 

Weill,  John  L.,  Sheboygan,  Wisconsin  2334v 

Weise,  G.  Bennett,  Chicago  21,  Illinois  795v 

Weiss,  Martin  S.,  Miiwaulcee  2,  Wisconsin  26lv 

Welch,  John  B.,  Indanapoiis,  Indiana  471v 

Wells,  J.  f.,  Sheffield  1,  England  982v 

Wells,  J.  I.  Co.,  Salisbury,  Maryland  1454s 

Wells,  J.  I.,  Salisbury,  Maryland  295>v 

Wellwood,  Ernest  W.,  New  Westminster,  British  Columbia 
,  1863V 

Wellwood,  Robert  W.,  Vancouver,  British  Columbia  46lv 
Wentworth,  T.  O.,  Cincinnati,  Ohio  333s 

West,  M.  A.,  Orange,  Texas  462v 

West,  Stanley  L.,  Gainesville,  Florida  377a 

West,  W.  I.,  Corvallis,  Oregon  193v 

West  Coast  Lumberman's  Assn.,  Portland  13,  Oregon  1461s 
Western  Pine  Association,  Portland  2,  Oregon  2562s 

Western  Pine  Mfg.  Co.,  Ltd.,  Spokane,  Washington  1383s 

Westveld,  R.  H.,  Columbia,  Missouri  935v 

Weyerhaeuser  Timber  Co.,  Longview,  Washington  1416s 

Wheeler,  George  E.,  Bryant-Pond,  Maine  1659v 

Whippie,  Theodore  G.,  Winchester,  New  Hampshire  2668as 
Whippie,  Parker  C.,  Williamstown,  Massachusetts  2522v 
Whit»er,  Geo.  C.,  Cleveland,  Ohio  574a 

White,  Carl  L.,  Eudora,  Arkansas  1347v 

White,  Chas.  H.,  Chicago,  Illinois  542v 

White,  Earl  A.,  Kenosha,  Wisconsin  I421v 

White,  H.  Z.,  Lewiston,  Idaho  1089v 

White,  J.  M.,  Jr.,  Weed,  California  1658a 

White,  J.  Wadsworth,  Boston,  Massachusetts  ll62v 

White,  John  B.,  Raleigh,  North  Carolina  2651as 

White,  S.  A.,  Mebane,  North  Carolina  2391v 

White,  Vernon  C.,  Salem,  Oregon  2136as 

White,  William  B.,  Henderson,  North  Carolina  266las 

Whiteside,  John  M.,  Portland  5,  Oregon  1757v 

Whitfield,  J.  V.,  Burgaw,  North  Carolina  2357v 

Whittall,  H.  V.,  Vancouver,  British  Columbia  1288a 

Whitten,  Jos.  E.,  Vancouver,  British  Columbia  2679v 

Whittier,  Carl  S.,  Boston  10,  Massachusetts  2118v 

Whittle,  L.  A.,  Brunswick,  Georgia  2340a 

Wiegand,  Allen  W.,  San  Francisco  18,  California  1398as 
Wiesehuegel,  E.  G.,  Norris,  Tennessee  579v 

Wilcox,  Hugh  H.,  Corvallis,  Oregon  102v 

Wilcox,  William  H.,  Stockton,  California  I457v 

Wilkins,  W.  Burdette,  Ridgewood,  New  Jersey  136v 

Wilkinson,  G.  C.,  Portland  2,  Oregon  1903v 

Willard,  Rudolph,  Ridgewood,  New  Jersey  306v 

Williams,  A.  W.,  Mobile  3,  Alabama  44lv 

Williams,  Chas.  J.,  Jacksonville  1,  Florida  322v 

Williams,  Hick  J..  Bonifay,  Florida  2852a 

Willjams,  James  P.,  Henderson,  Kentucky  2295v 

Williams,  John  P.,  Ann  Arbor,  Michigan  2047as 

Williams,  Leroy  G.,  Shreveport,  Louisiana  2790v 

Williams.  Les'ie  E.,  Syracuse.  New  York  l494as 

Williams,  Nicholas  T.,  Youbou.  British  Columbia  2793v 

Williams,  Pat  M.,  Jr.,  North  Wilkesboro,  North  Carolina 

1824v 

Williams,  Wyman,  Jr.,  Corvallis,  Oregon  1995as 

Williamson,  D.  G.,  Chicago  8,  Illinois  I496v 

Williamson,  R.  V.,  Peoria  5,  Illinos  1104a. 

Willingham,  Spain,  Macon,  Georgia  2578v 

Willins,  Henry  H.,  Memphis  3,  “rennessee  154v 

Willis,  Thomas  L.,  Raleigh,  North  Carolina  24Mas 

Willis,  Willard  P..  Jr.,  Los  Angeles  15,  California  181v 

Wjllison,  C.  H.,  Port  Angeles,  Washington  928v 

Wilner,  Burton  L.,  Norway,  Maine  2297v 

Wilson,  David  A.,  Vancouver,  British  Columbia  2115a 

Wilson,  Henry  A.,  Grayson,  Alabama  1286v 

Wilson,  Kenneth  A.,  Snyder  21,  New  York  2170v 

Wilson,  Richard  O.,  Memphis,  Tennessee  896a 

Wilson,  Robert  E.,  St.  Paul  1.  Minnesota  64lv 

Wilson,  S.  E.,  London  N.  2,  England  2265v 

Wilson,  Thomas  A.,  Baltimore,  Maryland  733v 

Wilson,  Win  E._.  Los  Angeles  5,  California  24lv 

Wison,  W.  Leslie,  Cheshire,  England  1517v 

Winkel,  Lyle  D.,  Corvallis,  Oregon  .  2040as 


Winkler,  Norbert,  East  Lansing,  Michigan  2413a$ 

Winlund,  Ed  S.,  Seattle,  Washington  867v 

Winogrond,  H.  R.,  Celina,  Ohio  l607a 

Winsiow,  Caxlile  P.,  Washington,  District  of  Columbia 

1037V 

Winser,  Fredrick  W.,  Corvallis,  Oregon  1554v 

Winther,  Kaj  I.,  Joliet,  Illinois  1789v 

Winton,  R.  C.,  Minneapolis,  Minnesota  1029v 

Wirka,  R.  M.,  Washington  25,  District  of  Columbia  38v 
Wise,  Robert  J.,  Long  View,  Washington  1437a 

Witt,  Oscar,  Marshfield,  Wisconsin  87v 

Woeckel,  A.  H.,  Beloit,  Wisconsin  996v 

Wohimuther,  August,  Baltimore  8,  Maryland  2069v 

Wolek,  Joseph  J.,  Louisville,  Kentucky  2762v 

Woit  Creek  umber  Co.,  Inc.,  Berkeley  4,  California  1293s 
Wolf,  Robert  E.,  Portland  11,  Oregon  2658v 

Wolff,  Ivo,  Port  Alegra,  Brazil  2264a 

Wood,  Chicago  2,  Illinois  104ls 

E.  K.  Wood  Lumber  Co.,  Oakland,  Calitornia  1315s 
Wood,  George  A.,  Warren,  Ohio  2287v 

Wood,  John  B.,  Oakland,  California  1315s 

Wood,  Raymond  J.,  Cioquet,  Minnesota  2274v 

Wooden.  Kenneth,  Cattaraugus,  New  York  878v 

Woodruff,  George  E.,  Trout  Lake,  Washington  1865v 

Woodruff,  John  B.,  East  Lansing,  Michigan  2794as 

Woodward,  Howard  T.,  Berlin,  New  Hampshire  2304v 
Woodward,  W.  O.,  Nottingham,  England  897v 

Woodwelding,  Inc.,  Burbank,  California  1040s 

Woodworth,  Charles  H.,  Portland  8,  Oregon  629v 

Woodworth,  E.  S.,  South  Walpole,  Massachusetts  1848a 
Worcester,  DeWitt,  Chicago  49,  Illinois  1297v 

Wormley,  Edward  J.,  New  York  22,  New  York  ll44v 
Wright,  Lew,  Toronto,  Canada  2203a 

Wright,  Nelson  E.,  Keene,  New  Hampshire  2437v 

Wrjght,  Paul  W.,  Wilmington,  North  Carolina  430v 
Wright.  Nevill  Lnshanus,  Auckland,  New  Zealand  873v 
Wulsin,  Lucien,  Cincinnati  2,  Ohio  1206s 

Wunderlich,  M.  S.,  Minneapolis  2,  Minnesota  809v 

Wyckoff,  Stephen  N.,  Berkeley  1,  Calitornia  517v 

Wylie,  Aubr^  E.,  Syracuse  10,  New  York  1272as 

Wylie.  Kenneth.  Eugene,  Oregon  710v 

Wyman,  Edgar  P.,  Storrs,  Connecticut  2812v 

Wyman,  Lenthall,  Raleigh,  North  Carolina  1186v 

Wyss,  Oswald  F.,  Zurich,  Switzerland  2022v 


Y 

Yale,  Rollin  H.,  Ada,  Ohio  2379as 

Yandle,  David  0.,  Charlotte,  North  Carolina  2459as 

Yankauskas,  Paul  C.,  Los  Angeles  23,  California  1587v 
Yavorsky,  John  M.,  Syracuse,  New  York  1091v 

Yeager,  W.  R.,  New  York  14,  New  York  651v 

Young,  C.  T.,  Beaver  Dam,  Kentucky  2251v 

Young,  D.  Crawford,  Chestnut,  Louisiana  2327v 

Young,  John  F.,  Merrill,  Wisconsin  1081v 

Young,  Vertrees,  Bogalusa,  Louisiana  2428v 

Youngquist,  W.  G.,  Madison  5,  Wisconsin  764v 

Youngs,  Kenneth  W.,  Chicago  8,  Illinois  1305v 

Youngs,  Robert  L.,  Pulaski,  Virginia  1598v 


z 

Zabel,  Robert  A.,  Syracuse,  New  York  1646v 

Zagemeier,  C.  D.,  Newberry,  Michigan  742v 

Zamuco,  Gregorio,  College,  Laguna,  Philipjiines  902v 

2>igler,  James  L.,  Seattle  5,  Washington  1904v 

Zeigler,  R.  L.,  Denmark,  South  Carolina  2633v 

Zeller,  John  H.,  Seattle  14,  Washington  2493v 

Zeller,  John  L.,  East  Lansing,  Michigan  1982as 

Zenczak,  Pete,  Seattle,  Washington  l463as 

Zerbe,  John  I.,  Sacramento,  Pennsylvania  2597as 

Z'elinski,  August  f.,  Waupun,  Wisconsin  2093v 

Z'mm,  L.  A.,  Jackson,  Tennessee  448v 

Zimmerman,  F.  C.,  Cincinnati  12,  Ohio  1900v 

Zimmerman,  Har^  F.,  Towson  4,  Maryland  2378v 

Zottu,  Paul  D.,  Cambridge  42,  Massachusetts  2399v 
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MISSISSIPPI 

PRODUCTS 


JACKSON,  MISS. 


ONE-HALF  MILUON  FEET  OF  FLOOR  SPACE 

From  the  Forest  to  the  finished  product,  the  world’s  largest  and  most  modern  wood¬ 
working  plant  exclusively  devoted  to  the  manufacture  of  quality  television  and  sewing  madiine 
cabinets. 

A  post-war  plant  that  was  5  years  in  the  blue  print  stage,  Mississippi  Products,  Inc.  is 
equipp^  with  the  most  advanced  woodworking  madiinery  and  equipment  in  the  industry. 

The  Executive  and  Supervisory  suff  encompass  many  hundreds  of  years’  experience  in 
this  highly  spedaliaed  field. 


Mississippi  Products  Research  and  Development  Division  is  one  of  the  foremost  in  the 
woodworking  industry,  with  technical  experience  in  testing  materials  and  developing  quality 
finished  products.” 


HOWARD 

Write  Us  For 

PAPER  MILLS,  INC. 

Information 

• 

*  Multiple  Spindle  Gang  Borers 

HOWARD  PAPER  CO.  DIVISION 

*  Single  Spindle  Borers 

UftflAWAf  OUlO 

*  Horizontal  Borers 

• 

♦  Cable  Reel  Borers 

i€TNA  PAPER  CO.  DIVISION 

*  Crossarm  Borers 

DAYTXW,  OHIO 

*  Special  Sawing  &  Boring  Machinery 

• 

*  Multiple  Panel  Reduction  Saws 

MAXWELL  PAPER  CO.  DIVISION 

*  Lumber  Hoists 

FRANKLIN.  (MHO 

• 

B.  M.  ROOI  CO. 

DAYTON  ENVELOPE  CO.  DIVISION 
DAYTW,  OHIO 

430  Thompson  St. 

YORK,  PENNA. 
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Aetna  Plywood  &  Veneer  Co. _ 405 

Allis-Chalmers  Mfg.  Co.  _ 399 

American  Cyanamid  Co.  - 491 

American  Defibrator,  Inc.  _ 451 

American-Marietta  Co.  _ 397 

American  Plywood  Corporation _ 469 

Barrett  Division  (Allied  Chemical  &  Dye 

Corp.)  _ 381 

Bay  de  Noquet  Co. - 457 

Belsaw  Machinery  Co.  - 397 

The  Black  Brothers  Co.,  Inc. - 499 

Borden  Company  (Chemical  Division)  _  395 

Clay  Brown  &  Co. - 481 

George  C.  Brown  &  Co.,  Inc. - 459 

The  Brown-Bridge  Mills,  Inc. - 437 

The  Brown  Paper  Mill  Company,  Inc.  __  461 
E.  L.  Bruce  Co. -  397 

California  Barrel  Co.,  Ltd.  - 459 

Carr,  Adams  &  Collier  Co. - 481 

Cascades  Plywood  Corp.  _ 455 

Catalin  Corporation  of  America - 427 

Chapman  Chemical  Co.  - 379 

Chrysler  Corp.  (Cycleweld  Div.) - 501 

Columbia-Hudson  Lumber  Co. - 455 

Columbia  Machinery  &  Eng.  Corp. - 405 

Connor  Lumber  &  Land  Co. - 479 

Dant  &  Russell,  Inc. - - 479 

Darlington  Veneer  Co.,  Inc. - 393 

Delmhorst  Instrument  Co. - 429 

DeLuxe  Saw  &  Tool  Co.  - 429 

G.  M.  Diehl  Machine  Works,  Inc. - 385 

Dierks  Lumber  &  Coal  Co. - 441 

Dixie  Lumber  Co.,  Inc.  - 479 

Downingtown  Manufacturing  Co. - 411 

Dunbar  Furniture  Manufacturing  Co.  __  389 

Ekstrom-Carlson  &  Co. - 409 

Farley  &  Loetscher  Mfg.  Co. - 457 

Firpine  Products  Co. - 473 
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T.  A.  Foley  Lumber  Co. _ 477 

Forest  Fiber  Products  Co. _ 421 

Forestry  Research  Foundation _ 433 

Fox  Brothers  Mfg.  Co. _ 503 

Chas.  E.  Francis  Co. _ 469 

Gamble  Brothers,  Inc. _ 375 

Gordon  Veneer  Co. _ 471 

Greenlee  Brothers  &  Co. _ l _ 375 

Grogan-Cochran  Lumber  Co. _ 465 

Hagemeyer  Lumber  Co. _ 457 

Hammond  Lumber  Co. _ 445 

Harshaw  Chemical  Co.  _ 44 1 

Haskelite  Manufacturing  Corp. _ 389 

Hermsdorf  Fixture  Mfg.  Co.,  Inc. _ 463 

Hitchcock  Publishing  Co. _ 431 

Walker  B.  Hough  &  Associates _ 501 

Howard  Paper  Mills,  Inc. _ 487 

Huther  Bros.  Saw  &  Mfg.  Co. _ 413 

Huttig  Sash  &  Door  Co. _ 483 

Hyster  Co.  - 423 

Ketchikan  Spruce  Mills _ 467 

Klok  Institute _ 433 

Arthur  Koehler  _ 502 

Koppers  Co.,  Inc.  (Wood  Preservation 

Division)  _ 506 

Koppers  Co.,  Inc.  (Chemical  Division)  387 

Larson  Plywood  Co.  _ 465 

The  Lilly  Company _ 401 

Harvey  J.  Loughead  _ 501 

C.  M.  Lovsted  &  Co.,  Inc. _ 504 

Maple  Flooring  Mfcs.  Association _ 483 

Marietta  Paint  &  Color  Co. _ 449 

Roy  O.  Martin  Lumber  Co.,  Inc. _ 455 

Mautz  Paint  &  Varnish  Co. _ 465 

Mereen-Johnson  Machine  Co . . 439 

Miller  &  Company,  Inc.  _ 477 

Mississippi  Products,  Inc.  _ 487 

Moisture  Register  Co. . . 413 
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MANUFACTURERS  SINCE  1883 


Write  for  complete  details  and 
information — no  obligation. 


D.J.  MURRAY  MANUFACTURING  CO 


WAUSAU  •  WISCONSIN 


MOUNTED! 


vio^.r 


tv«pP!S 


TRAILER 


MOUNTED! 


BER  DRY  NG 


Eliminates  guess  work  in  the  drying  ^ 
of  lumber  .  .  .  provides  accurate  con- 
trol  of  temperature  and  humidity  .  .  .  may  be  in¬ 
stalled  in  existing  dry  kiln  imits  in  single  or  mul¬ 
tiple  units  to  furnish  the  utmost  efficiency  and 
accuracy  in  the  conditioning  of  lumber.  Compact, 
the  GRID  lumber  drying  unit  requires  little  floor 
space,  and  because  of  the  design  and  the  material, 
it  requires  little  operating  anention  and  is  main¬ 
tenance-free.  The  heat  transfer  unit  consists  of 
GRID  high  test  sections  that  will  withstand  steam 
pressures  up  to  250  P.S.I.  and  steam  temperatures 
up  to  450*  F. 

Furnished  complete  with  pressure  blowers  and  high  Q 
pressure  heat  transfer  units  .  .  .  moisture  injeaor  ^ 

.  .  .  strainers  .  .  .  traps  .  .  .  steam  proportioning 
valve  .  .  .  dampers  and  damper  control  motors  ...  m 

dry  bulb  and  wet  bulb  temperature  controllers  ...  I 

high  temperature  safety  I 

.  .  .  line  switches  ...  1 

transformers  and  duct  connections.  m 


OTHER 
EQUIPMENT 


Multiple  knife 
chippers. 

Barking  drums. 


Chip  crushers. 
Wood  cleaners. 
Knot  drills. 
Knot  saws. 
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Monsanto  Chemical  Co. _ 377 

Moore  Dry  Kiln  Co. _ 413 

Morgan  Manufacturing  Co.,  Inc. _ 453 

D.  J.  Murray  Mfg.  Co. _ 489 

National  Adhesives  - 385 

J.  Neils  Lumber  Co. _ 451 

Newman  Machine  Co.,  Inc. _ 393 

North  Carolina  Equipment  Co. _ 429 

Roderick  O’Donoghue _  502 

Oliver  Machinery  Co.  _ 417 
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Oregon  Lumber  Co. _ 471 

Oval  Wood  Dish  Corp. _ ' _ 451 

Paine  Lumber  Co.  Ltd. _ 475 

Paper  Corporation  of  United  States _ 485 

Parkwood  Corp. _ 445 

Perkins  Glue  Co. _ 435 
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Plycor  Company  (Div.  Earle  Hart  Wood¬ 
working  Mach.  Co.)  _ 393 
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Robbins  Flooring  Co.  - 485 

Rohm  &  Haas  Co. _ 403 
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Saranac  Machine  Co. - 493 

Scottdale  Wood  Products,  Inc. _ 485 
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Grant  B.  Shipley,  Engineer _ 475 
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Simpson  Logging  Co.  _ 459 

Sitka  Spruce  Lumber  &  Mfg.  Co. _ 471 

Snyder  Chemical  Corporation _ 505 

Southern  Pine  Association _ 425 

Southland  Paper  Mills,  Inc. _ 453 
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for  a  lasting  bond . . . 

MELMAC:  URAC®  and  MELURAC®  Resins 

These  resin  adhesives  provide  durable  lasting  bonds,  resistant  to  weather,  water,  heat 
and  stain.  Just  pick  the  material  for  your  application  .  .  .  it's  bound  to  last. 


applications 

PLYWOOD  AND  VENEERS 

Waterproof  plywood  (boil-resistant)  .  . 

Marine  grade  plywood . 

Highly  moisture-resistant  plywood . 

Bag  molding . 

Tapeless  splicing  of  veneers . 

ASSEMBLY  GLUING 

Furniture . 

Sporting  goods . 

Millwork  and  joint  assemblies . 


material 


•  Melmac  401;  Melurac  300,  301,  302 

•  Melmac  401;  Melurac  300,  301 
.UracllO,  180 

•  Melurac  300,  301 

•  Melurac  255 


Urac 185 

Melurac  300,  Urac  180, 185 
Urac 185 


urac  resins 


URAC  1 10  is  a  neat  urea-formaldehyde  resin  in  free  flowing,  white 
powder  form,  used  with  wheat  flour  or  starch  for  hot  or  cold  set 
plywood  adhesives. 

URAC  180  is  similar  to  110  but  in  water  solution. 

URAC  185  is  a  craze-resistant  thermosetting  adhesive  for  assembly 
or  secondary  gluing  operations.  It  sets  at  room  temperature  with 
low  pressure. 


moIrriQP  rocinc  i  melmac  401  is  a  hot  press  plywood  adhesive  used  with  or  without 
1 1  ICll  I  Wv  I  Coll  Iv  I  fillers  .  .  .  boil-resistant  and  non-staining. 


melurac  resins 


MELURAC  300  is  a  melamine-urea-formaldehyde  resin  with  ligne¬ 
ous  extender  for  boil-resistant  bonds . . .  meets  Type  I  bond  require¬ 
ments  of  Commercial  Plywood  Standards  CS-35-49. 

MELURAC  301  is  powdered  melamine-urea-formaldehyde  resin 
without  extender,  used  as  a  binder  for  wood  waste  when  greater 
durability  is  required  than  can  be  obtained  with  neat  urea-formal¬ 
dehyde  resin. 

MELURAC  255  is  melamine-urea-formaldehyde  dry  powdered 
resin  designed  solely  as  an  adhesive  for  tapeless  splicing  of  veneers. 


We'll  be  glad  to  help 


you  pick  the  right  resin  for  your  requirements.  Just  send  us  the  details. 


AMERICAN 


G^uimid 


COMPAIVr 


PLASTICS  DEPARTMENT 
30  ROCKEFELLER  PLAZA,  NEW  YORK  20,  N.Y. 


in  Conada :  North  American  Cyanamid  Limited,  Royal  Bank  Building,  Toronto,  Ontario,  Canada. 
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WRITE  for  full  data — and  send 
us  the  blueprints  of  your  con¬ 
tainers  or  any  other  production 
fastening  job.  We’ll  reply  with  a 
careful  analysis  and  recommen¬ 
dations. 


In  operation^  it  produces  1200  lineal  inches 
of  cleated  box  panels  per  minute.  Actual 
installations  with  a  crew  of  8  people  are 
producing  what  formerly  required  29  peo¬ 
ple  and  a  machinery  investment  costing 
twice  as  much! 

Perhaps  this — or  similar  equipment — can  do  the 
same  for  you.  SARANAC  offers  55  years’  ex¬ 
perience  and  many  types  of  machines  to  fit  any 
production  requirement. 


.«AD AM Ar  MACmNE  co 

Manufacturers  of  the  World's  Largest  Line  of  Wire  Stitching  Machinery 


A  mountain  of  DIFFERENT  containers... 


Do  you  recognize  your  container  here.^  SARA¬ 
NAC  Machines  make  all  these  kinds — and  many 
more.  And  SARANAC  Containers  are  different — 
are  stronger — because  they’re  stapled.  That  means 
extra  safety  for  shipping  America’s  industrial — 
and  agricultural — products. 


In  addition,  SARANAC  Machines  set  amazing 
cost  and  production  records.  Consider  the  CR 
Model  (shown  at  left)  for  example  .  .  . 
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'5-41VS  •  knives  • 

Cutting  Tools  You  Can  Depend  On 
for  Quality,  Performance,  Economy 

Made  of  steel  from  Simonds  own  steel  mill,  each  Simonds  Cutting 
Tool  is  designed  and  manufactured  expressly  for  the  particular  job 
it  has  to  do.  The  making  of  these  famous  high  quality  Saws, 
Knives  and  Files  is  supervised  by  men  of  long  experience  in  pro¬ 
ducing  the  finest  in  cutting  tools  .  .  .  tools  that  step  up  production 
and  cut  costs  .  .  .  tools  that  are  preferred  throughout  the  forest 
products  industry. 

Simonds  experienced  Saw  and  Knife  Specialists  will  be  glad  to  help 
with  any  unusual  cutting  problems — can  be  reached  through  your 
nearest  Simonds  ofiice.  Simonds  Products  are  sold  through  leading 
Industrial  Supply  Distributors. 


■  SlMONDSl 

SAW  AND  STEEL  CO. 


FITCHBURG.  MASS. 

BRANCH  OFFICES  IN  BOSTON,  CHICAGO,  SAN  FRANCISCO  and  PORTLAND  ORE. 
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1.  Largest,  highest  quality  coverage  in  wood  industry — 
handpicked  circulation  of  more  than  13,000  key  companies  and 
executives. 

2*  Outstanding  editorial  content — the  industry's  one  cen¬ 
tral,  authoritative  source  of  information  about  research,  techno¬ 
logical  developments,  production  methods,  new  products, 
utilization  and  markets. 

3*  Your  most  helpful  source  of  comprehensive  market 
information  and  research  data  covering  this  eight  billion  dollar 
industry 

4>  Your  basic  advertising  buy  because  it  is  the  only  pub¬ 
lication  serving  the  integrated  wood  industry  on  a  national  basis — 
loggers,  sawmills,  remanufacturers,  plywood  and  veneer  manu- 
faaurers  and  industrial  users  of  wood  for  furniture,  wood  products, 
containers,  transportation  and  other  applications. 

S«fMl  f^r  •  •!  **WOOD  FACfS,**  •  •# 

maHirtim  tr«nd«  mw  <4vtlApwiitt  In  In^wftlrv  —  by  WOOD. 


r  \ 


THE  INFORMATION  MAGAZINE  OF  THE  WOOD  INDUSTRY 


PUtLISHtD  BY 


VANCE  PUBLISHING  CORPORATION 


139  N.  CLARK  ST.,  CHICAGO  2,  ILLINOIS  •  TELEPHONE  CENTRAL  B-12B1 
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Resilient  Roll,  Boll  Bearing  Glue  Spreoder 


'If  It  Is  Gluing  Etfuipmeni  ~  IVe  Have  It " 

tNI  SftOTNIRt  €0«,  1lii| 

.  Ml NDOfA,;  U&fNOif>  tf.  f, 


The  No.  2  2D  Ball  Bearing,  Resilient  Roll  Spreader  for  resins,  casein, 
and  other  cold  glues  is  unmatched  in  speed,  economy,  accuracy,  clean* 
liness  and  quality  production.  Gluing  rolls  are  deeply  covered  with 
fine  synthetic  rubber,  and  are  specially  grooved  to  control  the  amount 
of  resins  deposited  and  to  conform  to  irregularities  in  the  veneer. 
Accurate,  heavy  duty  ball  bearings  are  sealed  to  keep  lubricants  in, 
and  dirt  and  glue  out.  Doctor  rolls  are  heavily  coattd  with  a  highly 
polished,  non-ferrous  surface  to  accurately  control  the  glue  spread 
and  eliminate  corrosion.  Investigate  the  No.  22D  spreader ...  write 
for  supplement  to  Bulletin  1 1*A. 
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THERE  IS  A  ^yCLEWELD 

CEMENT 

FOR  ALL  SANDWICH  PANELS 

AND  A  NEW  PANEL  FABRICATION  TECHNIQUE 

SKINS  CORES 


LAMINATED  PLASTIC 
WOOD  VENEER 
PLYWOOD 
METALS 


CYCLECORE  FIGURE  "8*’ 
SPONGE  RUBBER 
HONEYCOMB 
PLYWOOD 
CORK 


CHRYSLER  CORPORATION,  DETROIT  31,  MICH 


INSPECTION  SERVICE 

Forestry  Consulting  Services 

Poles,  piling,  lumber,  crossarms,  cross- 

ties  and  preservative  treatments.  Anal- 

Forest  Management — Forest  Products 

yses  of  wood  preservatives. 

Watershed  Management 

A.  W.  WILLIAMS 
INSPECTION  COMPANY 

HARVEY  J.  LOUGHEAD 

MOBILE,  ALABAMA 

15  East  Forest  Road,  Biltmore  Station 

Inspectors  stationed  throughout  U.S.A. 

ASHEVILLE,  N.  C. 

WALKER  B.  HOUGH 

R.  H.  RAWSON 

&  ASSOCIATES 

Consulting  Timber  Engineer 

Industrial  Cnginetrs 

YEON  BUILDING.  PORTLAND  4.  OREGON 

Design  and  supervision  of  construction  of 

9S4  E.  Wells  St.  Milwaukee  t,  ¥fit. 

timber  treating  plants.  Investigations  and 

Cost  Systems  if  Production  Controls 

reports  on  treating  processes.  Inspection 
of  treated  and  untreated  West  Coast  forest 

Plant  Layouts  ★  Wage  Incentives 

products. 

SERVING  THE  WtX)DWORKING  INDUSTRIES 

Registered  Professional  Engineer  in  the 

EXCLUSIVELY  SINCE  1926 

States  of  Oregon  and  Washington. 
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ARTHUR  KOEHLER 

CensuftonC  —  Wood  Utilintion 

Appraisal  of  quality — properties — and  use¬ 
fulness  of  wood 

Diagnosis  of  utilization  difficulties 
Expert  witness  in  legal  proceedings 
2308  ELEVENTH  AVENUE 
LOS  ANGXLES  18.  CALIFORNIA 
Phone:  REpublic  2-5498 


Roderick  O'Donoghue 

CONSULTING  ENGINEER 

PULP  MILLS— PAPER  MILLS 

IMPROVED  PROCESSES— DESIGNS— REPORTS 
420  Lexington  Ave.  New  York  City  17 
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Your  lumber,  chemically  impregnated  by  the  Protexol  process,  can  mean  more 
business  for  you  —  through  new  uses  . . .  and  increased  demand  for  making  homes 
and  buildings  safer,  stronger!  The  Protexol  process  enables  you  to  offer  fire,  rot 
and  vermin  resistant  lumber  without  increasing  your  inventories:  lumber  in  carload 
lots  can  be  treated  in  transit  (at  the  through  rail  rate),  or  smaller  truck  lots  can  be 
ProtexoUimpregnated  in  about  six  hours  and  returned  to  your  yard, 
e  Phone  or  write  today  for  information  and  prices  on  impregnating  your  lumber 
end  plywood  with  Protexol! 


*Acc0pt0d  by  nationat  fir€  authchtiti  for  ovtr  60  yeort. 

WUttS.  MFC.  M.  ^ 

1775  SIONEV  STREET  STiLOUIS  4,  MO.  CHICAGO,  ILL 
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DRY  KIIN  PARTS 


scmptefe  stock 


We  maintain  or  can  manufacture  a  complete  stock  of  dry  kiln  parts 
for  your  dry  kiln. 


•  ,  Fittings 

•  Door  Carriers 

•  Door  Carrier  Ports 
e  Control  Valves 


•  Roof  Vents 
e  Motors 

•  Kiln  Paints 
e  Pedestals 


e  Moisture  Meters 
e  Traps  •  Bearings 
e  Desuperheater  Spray 
•  Spikes — bolts— clips 


If  you  have  a  parts  problem  write 
Dept.  K-4  for  Complete  Information 


OFFICES  AND  WAREHOUSES  IN\ 
SAN  FRANCISCO.  CALIFORNIA  I 
LOS  ANGELES.  CALIFORNIA  \ 
HONOLULU.  HAWAII  -MANILA.  R  P  I 
VANCOUVER.  BRITISH  COLUMBIA  f 


[.  m.  LOUSTED  &  [0.,  in[. 

ENGINEERS  AND  MANUFACTURERS 
4000  W.  MARGINAL  WAY  ■  SEATTLE  6,  WASH. 
PHONE  AValon  4000 


Manufacturers  of  the  Lovsted  North  Coast  "DIRECT  FXO"  Dry  Kilns 
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synco  &njj 

become  synonymous  with  sound  marine 
construction.  It  has  proven  immunity 
against  the  corrosive  action  of  salt 
water  soaking  and  drying  year  after 
year. 


Correct  Craft  Inc.,  Pinecastle,  Florida 


flou,,  Railroad.  M  ^ 

adopt  SYNCO  resins  for  ,■  "  ^  ■  PP 

construction  of  the  revo-  ^  ^  . .  '^^uation  _ _  lu 

lutionary  new  cellular  **  ■  ; 

laminated  car  of  the  fu-  fsSt  r K  _  j 

ture  just  announced  by  iwi,  ,  ‘"Sfm!''?.'-''  *  •'=  ,  -  “31  ;  I 

the  Pressed  Steel  Car*  ^ 

Company,  Chicago,  Illi-  H  ■ 

s  t  r  o  n  g  e  r , 
out- 

performs  conventional 

(/because  ... 

Pressed  Steel  Car  engineers  standardized  on  SYNCO  128-CLW  after  exhaustive  tests  on  the 
best  adhesives  known.  SYNCO  meets  all  specifications  for  the  revolutionary  new  design  of 
the  more  efficient  UNICEL  car. 

&caus.  syyco  128-  CM)  bonds  are  permanently: 


•  stronger  than  wood,  wet  or  dry,  hot  or 
cold,  year  after  year 

•  (live  top  performance  and  simplicity  of 
operation  at  low  cost 

•  Immune  to  chemicals,  bacteria,  fungi 


•  Used  with  high-frequency  and  hot  or  cold 
press  methods 

•  Immune  to  fatigue  caused  by  flexing  and 
shocks  which  destroy  ordinary  steel  or 
Wooden  construction 


syyco  phenolic  resins  merit  their  selection  by  quality  manufacturers  who 
demand  the  utmost  in  performance  and  strength  wrhen  bonding  for  the  future. 


SNYOER  CHEMO 


CiORPORATBON 


OEirHEL.CONNECTaCiUT 
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.5or  2^ard,  syyco  l^tdinA 


have  been  the  outstanding  choice  of 
builders  who  are  bonding  for  the  future. 
Exceptional  permanence  and  resistance 
to  all  types  of  attack  fully  justify  their 
adoption. 


Italian  ^WJa^oni,  such  as  Ford  and  Chrysler, 
bonded  with  SYNCO  adhesives  withstand  the  most  rigorous  exposure 
conditions  in  every  climate  all  over  the  world. 
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KOPPERS 

invites  you  to  use  the  services 
of  its 

Wood  Preserving  Division 
J'echnical  Department 
without  obligation 


The  technical  men  in  this  department  have  had 
wide  experience  in  the  problems  of  chemical  impregnation  of  wood. 
Their  work  has  been  extensive  in  pressure  treatment  of 
wood  for  fire  retardance  and  for  protection  against  attack 

by  insects,  acids  and  fungi.  Technical  data  are  available 
concerning  wood  treated  for  these  and  other  specialized  applications. 


We  will  welcome  an  opportunity  to  work  with  you 
to  make  wood  serve  better. 


KOPPERS  COMPANY,  INC. 

WOOD  PRESERVING  DIVISION 
Pittsburfh  If,  Pa. 
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